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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 


AB The present invention provides methods and apparatus for the formation 

of heterogeneous ion-exchange 

membranes by prescribed in-line compounding and extrusion of a 
polymeric binder and heat sensitive ion-exchange resin. The ion-exchange 
resin is incorporated, at a late process stage, into the melted matrix 
polymer at relatively low temperature and residence time prior to 
transfer to a die head for extrusion. In the presently preferred 
embodiment, the in-line compounding apparatus comprises a twin-screw 
compounding extruder, for effecting late stage kneading and mixing of 
ion-exchange resin and optional additives to the polymer melt, prior to 
compression to transfer the blended polymer melt to a die head for 
extrusion. Accordingly, the final properties of the resultant 
heterogeneous ion-exchange membrane 

are enhanced as the blended polymer melt material is not exposed to 
excessive heat and shear history. Resultant heterogeneous 
ion-exchange membranes and apparatus for 

treatment of fluid streams utilizing such membranes are also provided. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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The present invention generally relates to devices able to purify fluids 


NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS 
LINE COUNT: 
CAS 
AB 


electrically that are contained within pressure vessels, as well as to 
methods of manufacture and use thereof. Liquids or other fluids to be 
purified enter the purification device and, under the influence of an 
electric field, are treated to produce an ion-depleted liquid. Species 
from the entering liquids are collected to produce an ion-concentrated 
liquid. Increasing the exterior pressure on the device may reduce the 
pressure difference between the interior of the device and the exterior, 
which may reduce manufacturing costs or simplify construction. 
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The present invention provides methods and apparatus for the formation 


1 Drawing Page(s) 


of heterogeneous ion- exchange 

membranes by prescribed in-line compounding and extrusion of a 
polymeric binder and heat sensitive ion-exchange resin. The ion-exchange 
resin is incorporated, at a late process stage, into the melted matrix 
polymer at relatively low temperature and residence time prior to 
transfer to a die head for extrusion. In the presently preferred 
embodiment, the in-line compounding apparatus comprises a twin-screw 
compounding extruder, for effecting late stage kneading and mixing of 
ion-exchange resin and optional additives to the polymer melt, prior to 
compression to transfer the blended polymer melt to a die head for 
extrusion. Accordingly, the final properties of the resultant 
heterogeneous ion -exchange membrane 

are enhanced as the blended polymer melt material is not exposed to 
excessive heat and shear history. Resultant heterogeneous 
ion-exchange membranes and apparatus for 

treatment of fluid streams utilizing such membranes are also provided. 
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AB A heterogeneous ion exchange 

material is provided which comprises an ion exchange resin 
incorporated within a binder, the binder comprising a material selected 
from the group consisting of: (i) a Metallocene catalyzed linear low 
density polyethylene, (ii) a very low density polyethylene or ultra low 
density polyethylene processed using either Ziegler-Natta catalysts or 
Metallocene catalysts, (iii) a thermoplastic elastomeric olefin 
comprising a polypropylene continuous phase with an ethylene-propylene- 
diene monomer or ethylene-propylene rubber rubbery phase dispersed 
through the polypropylene continuous phase, and (iv) a thermoplastic 
vulcanizate comprising a polypropylene continuous phase with an 
ethylene-propylene-diene monomer, ethylene-propylene rubber, 
nitrile-butadiene rubber, natural rubber or ethylene vinyl acetate 
rubbery phase dispersed through the polypropylene continuous phase. The 
ion exchange membrane can be manufactured 

using advanced extrusion techniques, including computer-controlled 
material fee, computer-controlled automatic die thickness adjustment 
with independently adjustable lip segments and nuclear gauge detection 
with feed-back control. It can also be manufactured by injection 
molding . 
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A heterogeneous anion exchanger comprising from 35 to 85 mass % of an 
anion exchange resin and from 15 to 65 mass % of a binder polymer, 
wherein the anion exchange resin is made of a polymer having repeating 
units represented by the following formula (1) : ##STR1## 

wherein R is a C. sub. 3-8 alkylene group or an alkyleneoxyalkyl group 
having a total carbon number of from 4 to 9, R.sup.l is a C. sub. 1-4 
alkyl group which may be substituted by a hydroxyl group, each of 
R.sup.2 and R.sup.3 is a C. sub. 1-4 alkyl group, and X.sup.- is an anion, 
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and wherein any hydrogen atom bonded to the benzene ring may be 
substituted by an alkyl group or a halogen atom. 
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AB The invention concerns a method for extracting by electrodialysis a 

compound comprising at least amine functions capable of protonation from 
a liquid medium. More particularly it concerns a method for extracting, 
and separating at least the monomers comprising amine functions capable 
of protonation from a liquid medium derived from the hydrolysis of 
polyamides. The method of extraction from a liquid medium consists in 
subjecting to protonation the amine function (s) of the compounds to be 
extracted by adjusting the pH of the medium and in separating the 
compounds by passing them through a cationic membrane under the effect 
of an electric current. The invention is particularly applicable in 
processes for the chemical stabilisation of polyamides such as the PA 66 
PA 6. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB An apparatus for producing deionized water consisting essentially of an 

electrodialyzer having cation exchange 
membranes and anion exchange 

membranes alternately arranged between a cathode and an anode to 

form demineralizing compartments and concentrating compartments, and ion 

exchangers accommodated in the demineralizing compartments, wherein a 

pressure of from 0.1 to 20 kg/cm. sup. 2 is exerted between the ion 

exchangers accommodated in the demineralizing compartments and the 

cation exchange membranes and anion 

exchange membranes defining the demineralizing 

compartments . 
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AB The present invention relates to a process for isolating, by membrane 

electrodialysis, a catalyst from a solution containing it. More 
precisely, it relates to the isolation of a catalyst used in a 
homogeneous phase molecular oxidation reaction. The invention consists 
of a process for isolating a homogeneous catalyst dissolved in a mixture 
also containing at least one aliphatic diacid, characterized in that the 
catalyst contains cobalt and the isolation is performed by membrane 
electrodialysis . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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This invention relates to a process for the preparation of 
2-hydroxy-4-methylthiobutyric acid or the ammonium salt of 
2-hydroxy-4-methylthiobutyric acid by enzymatic hydrolysis of 
2-hydroxy-4-methylthiobutyronitrile, comprising: 

a) preparing a biological material having a nitrilase activity; 

b) immobilizing the biological material, 

c) exposing the 2-hydroxy-4-methylthiobutyronitrile to the biological 
material thus immobilized to obtain the ammonium salt of 
2-hydroxy-4-methylthiobutyric acid; and 


PRIORITY INFORMATION 
DOCUMENT TYPE: 
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ASSISTANT EXAMINER: 
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d) optionally converting the salt obtained to the corresponding acid. 
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An apparatus for producing deionized water consisting essentially of an 
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electrodialyzer having cation exchange 
membranes and anion exchange 

membranes alternately arranged between a cathode and an anode to 

form demineralizing compartments and concentrating compartments, and ion 

exchangers accommodated in the demineralizing compartments, wherein a 

pressure of from 0.1 to 20 kg/cm. sup. 2 is exerted between the ion 

exchangers accommodated in the demineralizing compartments and the 

cation exchange membranes and anion 

exchange membranes defining the demineralizing 

compartments . 
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AB A heterogeneous ion exchange 

membrane comprising an ion exchange resin and a binder polymer, 
wherein the binder polymer is a polymer containing at least a mixture 
comprising low density polyethylene and ethylene-propylene rubber or 
ethylene-propylene-diene rubber . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 


from a solution stream 

At least one 


AB A electrochemical cell for removing ions 

comprises a housing having first and second electrodes, 
water-splitting ion exchange membrane is 

positioned between the electrodes, the water-splitting membrane 
comprising (i) a cation exchange surface facing the first electrode, and 
(ii) an anion exchange surface facing the second electrode. A solution 
stream pathway is defined by the water-splitting membrane. The solution 
stream pathway comprises (i) an inlet for influent solution stream, (ii) 
at least one channel that allows influent solution stream to flow past 
at least one surface of the water-splitting membrane to form one or more 
treated solution streams, and (iii) a single outlet that combines the 
treated solution streams to form a single effluent solution. Preferably, 
the solution stream pathway comprises a unitary and contiguous channel 
that flows past both the cation and anion exchange surfaces of the 


water-splitting membrane, and more preferably is connected throughout in 
an unbroken sequence and extends substantially continuously from the 
inlet to the outlet. 
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membrane, and devices 
containing such a membrane are disclosed. Such membranes comprise linear 
low or linear medium density polyethylene or high molecular weight high 
density polyethylene as a binder and can incorporate 

a wide variety of ion exchange resin materials. The membranes can be 
fabricated using extrusion or other melt processing procedures to 
produce a product, which upon conditioning in water, exhibits properties 
adapted for use in numerous applications. 


CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A heterogeneous anion exchanger comprising from 35 to 85 mass % of an 

anion exchange resin and from 15 to 65 mass % of a binder polymer, 
wherein the anion exchange resin is made of a polymer having repeating 
units represented by the following formula (1) : ##STR1## 

wherein R is a C. sub. 3-8 alkylene group or an alkyleneoxyalkyl group 
having a total carbon number of from 4 to 9, R.sup.l is a C. sub. 1-4 
alkyl group which may be substituted by a hydroxyl group, each of 
R.sup.2 and R.sup.3 is a C. sub. 1-4 alkyl group, and X.sup.- is an anion, 
and wherein any hydrogen atom bonded to the benzene ring may be 
substituted by an alkyl group or a halogen atom. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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PRIORITY APPLN. INFO.: CA 1999-2275999 A 19990621 

WO 2000-CA741 W 20000621 

AB A heterogeneous ion-exchange 

material comprises an ion-exchange resin incorporated within a 
binder which comprises a material selected from (i) a metallocene- 
catalyzed linear low-d. polyethylene, (ii) a very low-d. polyethylene or 
ultra low-d. polyethylene produced using either Ziegler-Natta catalysts or 
metallocene catalysts, (iii) a thermoplastic olefin elastomeric material 
comprising a polypropylene continuous phase with a rubbery phase of 
ethylene-propylene-diene rubber or ethylene-propylene rubber dispersed 
through the polypropylene continuous phase, and (iv) a thermoplastic 
vulcanizate comprising a polypropylene continuous phase with an 
ethylene-propylene-diene rubber, ethylene-propylene rubber, 
nitrile-butadiene rubber, natural rubber, ethylene-vinyl acetate rubbery 
phase dispersed through the polypropylene continuous phase, a copolymer of 
vinylidene fluoride and hexaf luoropropylene, or a copolymer of vinylidene 
fluoride, hexaf luoropropylene, and tetraf luoroethylene . The ion 


-exchange membrane can be manufd. using advanced 

extrusion techniques, including computer-controlled material feed, 
computer-controlled automatic die thickness adjustment with independently 
adjustable lip segments and nuclear gauge detection with feed-back 
control . 


REFERENCE COUNT: 


11 THERE ARE 11 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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PRIORITY APPLN. INFO.: JP 1996-194196 A 19960724 

AB The title membranes, with low elec. resistivity and high mech. strength, 
are prepd. from ion exchange resins (e.g., Diaion SK-1B, Diaion SA-10A) 
and binder polymers contg. LDPE and EPR or EPDM. 
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Preparation and characteristics of 
heterogeneous cation 
exchange membrane: 1. Mixing ratio 
of matrix and ion exchange resin 

Yang, Hyun S.; Cho, Byoung H.; Kang, Bong K.; Lee, Tae 
W. 

Dept. Industrial Chem. , Chungnam Nat 1 1 Univ., Taejon, 
305-764, S. Korea 

Kongop Hwahak (1996), 7(6), 1132-1141 
CODEN: KOHWE9; ISSN: 1225-0112 

Korean Society of Industrial and Engineering Chemistry 
Journal 
Korean 

Heterogeneous cation exchange 
membrane (HCEM) was prepd. with LLDPE (linear low-d. 
polyethylene) as binder, powd. cation exchange resins 
(diam. .ltoreq. 149.mu.m) as ion-exchange 

material and glycerol as additive for electrodialysis and 
electrodeionization system. The wt. ratio of (binder/ion 
exchange) /glycerol was ( 60%/40% ) /5% , (55%/45%) /5%, (50%/50%)/5% and 
(40%/60%) /5%. The characterization of prepd. HCEM was evaluated on mech., 


AUTHOR ( S ) : 

CORPORATE SOURCE: 

SOURCE: 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 


electrochem. , morphol. and ion permeable properties. Electrochem. 
properties of HCEM of (50%/50%)/5% were very similar to value of IONPURE 
(com. membrane), in which ion exchange capacity, ion transfer no. and 
membrane resistance were to be 1.733 meq/g, 0.96 and 16.08 .OMEGA. /cm2, 
resp. Ion permeability of the membrane was better than that of IONPURE 
membrane. Compared with IONPURE membrane, the HCEM had a higher tensile 
strength and lower elongation and modulus, in which HCEM had tensile 
strength of 62.33 kg/cm2, elongation of 87.42% and modulus of 658.53 
kg/cm2. The HCEM of (50%/50%)/5% was optimum combination. 
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linear 


low or 


AB Such membranes with pliability and free of cracks comprise 
linear medium d. polyethylene or high mol . wt. high d. 
polyethylene as a binder and can incorporate a wide 

variety of ion exchange resin materials. The membranes can be fabricated 
using extrusion or other melt processing procedures to produce a product, 
which upon conditioning in H20, exhibits properties adapted for use in 
numerous applications . 
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DOCUMENT TYPE: Journal 
LANGUAGE: Russian 
AB The chem. resistance and mech 

ion-exchange membranes contg . 

polyethylene (I) [9002-88-4] 


ISSN: 0044-4618 


strength of heterogeneous 
55-65% high-d. 
as a binder and Lavsan or 
Kapron fibers as reinforcement were detd. The mech. properties of the 
membrane deteriorated with decreasing I content and were significantly 


affected by the nature of reinforcing fabrics. The stability of membranes 
reinforced with Kapron fabrics was most deteriorated in HN03. The chem. 
resistance of I and reinforcing fabrics was lower than that of ion 
exchange resins. 
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Journal 
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Anion exchangers based on reaction products of epichlorohydrin polymer 
with di- and polyamines form, on mixing with high-d. polyethylene 
solns . as binders, anion- exchange 

membranes which have an ion exchange capacity 3.2-5.1 mequiv/g and 
sp. resistivity 80-200 .OMEGA. -cm. An increase in the ion exchange 
component-binder ratio from 40:60 to 80:20 wt . % increased the ion exchange 
capacity and water permeability of the membrane from 4.0 to 5.7 mequiv/g 
and from 48.5 to 68.7%, resp. and decreased the resistivity from 573 to 
5.0 .OMEGA. -cm. An increase in the mixing time gradually decreased the 
sp. resistivity of the membranes due to a homogenization of the original 
mixt. The optimum conditions for prepn. of the membranes were anion 
exchanger-binder ratio 70-30 and temp, and time of mixing 110. degree, and 
10-15 min, resp., for membranes prepd. from polyepichlorohydrin reaction 
products with polyethylenepolyamine, polyxylylenepolyamine, and 
hexamethylenedi amine . 
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Production and properties of heterogeneous 
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Journal 
Russian 

Heterogeneous ion exchange membranes 

were manufd. by molding finely-divided KU-2 [11098-94-5], AV-17 
[11106-27-7], or EDE-10P [11106-30-2] resins with powd. high pressure 
polyethylene [9002-88-4] and reinforcing with Kapron or Lavsan fabrics. 
Lavsan-reinf orced membranes had good mech. strength and elasticity and 
performed well at 100. deg . . The elec. cond. of the membrane was an 
exponential function of the ion exchange capacity. 
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CODEN: UZKZAC 
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AB Heterogeneous ion exchange membranes 

were prepd. by a 3-stage procedure from low and high pressure 
polyethylene [9002-88-4] and PVC [9002-86-2] binders and 

ion exchange resins [prepd. by polycondensation of p-toluenesulf onic acid 
[104-15-4], .beta.-naphthalenesulfonic acid [120-18-3], or salicylic acid 
[69-72-7] with furfural (I) [98-01-1], or by polycondensation of 

polyethylene polyamine, I, and hydrofuramide [494-47-3]]. The membranes 

were 0.38-0.50 mm thick and had good physicochem. properties and elec. 

properties . 

L4 ANSWER 23 OF 23 CAPLUS COPYRIGHT 2003 ACS on STN 
ACCESSION NUMBER: 1968:510167 CAPLUS 

DOCUMENT NUMBER: 69:110167 

TITLE: Change in the properties of ion- 

exchange membranes used for 

obtainingg acids and alkalies from salt solutions by 
elect rodialys is 
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AB Heterogeneous cation and anion exchange 

membranes were prepd. from the resp. resins KU-2 and EDE-10P with 
polyethylene as the inert binding material. The 

membranes were used to sep. the cathodic and anodic compartments from the 
middle one in an exptl . electrodialysis cell. A NaN03 soln. was fed into 
the middle compartment, while NaOH and HN03 were introduced into the 
cathodic and anodic compartments, resp. The dependence of the current 
efficiency on the soln. concns . c.ds. of the membranes, time, and duration 
of membrane use were studied. The membrane selectivity was detd. by 
following the amts . of N03- and Na+ penetrated into catholyte and anolyte, 
resp. The current efficiency decreased with increasing concns. of HN03 
and NaOH, with higher c.ds. on the membranes, higher temps., and with the 
age of the membranes. Also the membrane selectivity, although high 
initially, decreased with the duration of voltage application. Their 
useful life was 150 hrs . at c.ds. 20-30 ma. /cm. 2 and .apprx.300 hrs . at 10 
ma. /cm. 2, provided that the HN03 and NaOH concns. were a max. of IN. 
Preliminary expts . were made with newly prepd. membranes capable of 
withstanding long-time use at a c.d. of 80 ma. /cm. 2 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Methods and apparatus for the formation of heterogeneous 

ion-exchange membranes 
AB The present invention provides methods and apparatus for the formation 

of heterogeneous ion-exchange 

membranes by prescribed in-line compounding and extrusion of a 
polymeric binder and heat sensitive ion-exchange resin. The ion-exchange 
resin is incorporated, at a late process stage, into the melted matrix 
polymer at relatively low temperature and residence time prior to 
transfer to a die head for extrusion. In the presently preferred 
embodiment, the in-line compounding apparatus comprises a twin-screw 
compounding extruder, for effecting late stage kneading and mixing of 
ion-exchange resin and optional additives to the polymer melt, prior to 
compression to transfer the blended polymer melt to a die head for 
extrusion. Accordingly, the final properties of the resultant 
heterogeneous ion-exchange membrane 

are enhanced as the blended polymer melt material is not exposed to 
excessive heat and shear history. Resultant heterogeneous 
ion-exchange membranes and apparatus for 

treatment of fluid streams utilizing such membranes are also provided. 
SUMM [0002] The present invention provides unique heterogeneous 
ion-exchange membranes, methods and 

apparatus for producing such membranes, and ion- removing apparatus 
utilizing such membranes. 

SUMM [0006] Typically, in electrodeionization, a number of flat sheets of 
alternating cation and anion exchange 

membranes are placed between two electrodes with mixed bed of 
ion-exchange resins alternately added between the membranes. 

SUMM [0013] A critical element of such purification devices is the membrane 

that selectively allows diffusion and adsorption of ions while excluding 
certain other ions and non-ionized solutes and solvents. These membranes 
have commonly been referred to as ion-exchange 
membranes and are used in a wide variety of devices for 
fractionation, transport depletion and electro-regeneration, 
purification for treatment of water, food, beverages, chemicals and 
waste streams. Such membranes are also used in electrochemical devices 
and electrophoresis as well as analytical equipment and for treatment 
applications . 

SUMM [0014] Commercially available ion-exchange 

membranes are generally classified as two types: homogeneous 
membranes and heterogeneous membranes . A homogeneous membrane is one in 
which the entire volume of the membrane (excluding any support material 
that may be used to improve strength) is made from the reactive polymer. 
Heterogeneous membranes, on the other hand, are formed of a composite 
containing an ion-exchange resin to impart electrochemical properties 
and a binder to impart physical strength and integrity. 


SUMM [0020] U.S. Pat. No. 5,346,924 to Giuffrida discloses a 
heterogeneous ion-exchange membrane 


using a binder comprising a linear low density 
polyethylene (LLDPE) or a high molecular weight high density 
polyethylene (HMWHDPE) and methods for making the same. The membrane is 
fabricated from granules or pellets of ion-exchange resin and either 
LLDPE or HMWHDPE binder that are used as a raw material in a 
thermoplastic extrusion process, a heat pressing process, or another, 
similar process employing pressure and heat to create a dry composite 
sheet of constant width and thickness or having other controlled, formed 
dimensions. Membrane sheets formed by such processes are then 
conditioned and activated using a water treatment. 

SUMM [0021] Conventionally, heterogeneous ion- 
exchange membranes are fabricated by providing 

granulated or powdered polymer binder to a mixer and heating until the 
material becomes molten. Ion-exchange resins are then added in powder 
form and the resulting composition is then mixed to evenly distribute 
the ion-exchange resins throughout the melt. The molten cast mixture may 
then be cast or alternatively sent to an extruder. 

SUMM [0023] Kojima, et al . , in U.S. Pat. No. 3,627,703 discloses a 

polypropylene resin composite which comprises a polypropylene resin 
matrix that is both microscopically foamed and molecularly oriented in 
three dimensions and ion-exchanging material dispersed therein. In one 
embodiment, the composite is produced by a process which comprises 
subjecting a precursor composite comprising a solid polypropylene matrix 
and an ion-exchange material of greater 

swellability to a chemical treatment comprising an acid and an alkali 
treatment. In one embodied form, the polypropylene resin and ion 
-exchange material by kneading at a temperature 

above the melting point of the polyproplylene resin. Subsequent to 
kneading at high temperature, the mixture is thereafter formed or molded 
and thereafter chemically treated. 

SUMM [0024] While recognizing the virtues of polypropylene as a binder, 
Kojima, et al . , in U.S. Pat. No. 3,627,703 discloses a fabrication 
process for ion-exchange membrane exposing 

the resinous material to multiple meltings and temperature cycles. 

SUMM [0025] Accordingly those skilled in the art have recognized a 

significant need for an efficient process for the fabrication of 
heterogeneous ion-exchange membranes 

that accurately controls processing parameters to preserve the active 
ion sites and other desired characteristics of the incorporated resinous 
material while at the same time, providing an heterogeneous 
ion-exchange membrane with the structural 
integrity required for demanding environment such as 
electrodeionization. The present invention fulfills these needs. 

SUMM [0026] The present invention provides unique methods and apparatus for 
the formation of heterogeneous ion-exchange 

membranes by prescribed in-line compounding and extrusion of a 
polymeric binder and heat sensitive ion-exchange resin. The ion-exchange 
resin is incorporated, at a late process stage, into the melted matrix 
polymer at relatively low temperature and residence time prior to 
transfer to a die head for extrusion. In the presently preferred 
embodiment, the in-line compounding apparatus comprises a twin screw 
compounding extruder, for effecting late stage kneading and mixing of 
ion-exchange resin and optional additives to the polymer melt, prior to 
compression to transfer the blended polymer melt to a die head for 
extrusion. Accordingly, the final properties of the resultant 
heterogeneous ion-exchange membrane 

are enhanced as the blended polymer melt material is not exposed to 


excessive heat and shear history. Resultant heterogeneous 
ion-exchange membranes and apparatus for 

treatment of fluid streams utilizing such membranes is also provided. 

SUMM [0032] e) transporting the blended, melted polymer matrix derived from 
step d) to a die head for extrusion to form a heterogeneous 
ion-exchange membrane. 

SUMM [0037] The ion-exchange resin to be dispersed in the polymer binder, may 
be any ion-exchange material which is 

anionic, cationic, amphoteric, or another ionic type may be used. 
Preferably, ion-exchange resins which are stable at the melting point 
range of the preferred polypropylene resins are used for preparing the 
blended polymer matrix. 

SUMM [0038] Accordingly, the heterogeneous ion- 
exchange membranes in accordance with the present 

invention are particular useful for fabrication of electrodeionization 
modules. The inventive methods provide an efficient and cost effective 
process for formation of such membranes that exhibit enhanced properties 
because the resinous ion-exchange material 
is not exposed to excessive heat and shear history. 

DETD [0040] The present invention provides unique methods and apparatus for 
the formation of heterogeneous ion-exchange 

membranes by prescribed in-line compounding and extrusion of a 
polymeric binder and heat sensitive ion-exchange resin. The ion-exchange 
resin is incorporated, at a late process stage, into the melted matrix 
polymer at relatively low temperature and short residence time prior to 
transfer to a sheet die head for extrusion. 
DETD [0041] Accordingly, the final properties of the resultant 
heterogeneous ion- exchange membrane 

are enhanced as the blended polymer melt material is not exposed to 
excessive heat and shear history. 
DETD [0053] e) compressing and conveying the blended melt derived from step 
d) directly to a sheet die head for extrusion to form a 
heterogeneous ion- exchange m e m brane 

DETD [0056] The ion-exchange material to be 

dispersed in the composite, may be any ion-exchanging material which is 
anionic, cationic, amphoteric, or another ionic type may be used. 

DETD [0065] Preferably the powdered ion-exchange 

material which is sized to smaller than 100 mesh, or preferably 
sized to smaller than 32 mesh, is added to the melted matrix polymer 
through means of a side stuffer to enter a second kneading and mixing 
zone. The second mixing zone is provided with a side feed entry port 
that introduces the powdered additive to the melted matrix polymer, 
i.e., homogeneous polypropylene polymer. The second kneading and mixing 
zone is maintained at a temperature above the melting point of the 
polypropylene with atmospheric venting. Thereafter, the blended melted 
polymer matrix and ion- exchange material 

is fed to a third kneading and mixing zone where extrusion agents may be 
added. Typically, such extrusion agents comprise glycerine and the like 
to facilitate further processing transfer and extrusion through the die 
head. The third kneading and mixing zone is preferably maintained 
under-vacuum conditions for degassing and the melted mixture is 
thereafter transferred through a compressional section to the die head. 
DETD [0066] The unique heterogeneous polypropylene ion- 
exchange membranes in accordance with the present 

invention were thus formed by a twin-screw compounding extruder. In this 
respect, the twin-screw extruder continuously mixes, devolatilizes and 
processes the metallocene polypropylene binder through prescribed 


compounding with the resinous material by relatively small shear and 
extentional forces. Accordingly, the traditional pelletizing step and 
remelting is bypassed avoiding excessive heat and shear history. 
DETD [0068] FIG. 1 illustrates a schematic block diagram of a presently 

preferred embodiment of the inventive in-line compounding apparatus in 
accordance with the present invention. As shown in FIG. 1, the supply of 
polymer binder is fed, for instance, by a gravity feed device 10 to the 
first zone 12 within the extrusion system. A second zone 14 effects 
melting of the polymer binder within the extruder at a temperature range 
of between about the softening point of the polymer binder and the 
melting point of the polymer binder to form a melted matrix polymer. In 
a third zone 16, the melted matrix polymer is kneaded to form a 
homogeneous matrix. In a fourth zone 18, optional additives may be 
supplied to the polymer matrix, for instance, conventional extrusion 
agents such as glycerine to enhance the malleability of the homogenous 
matrix. By separate gravity feed device 20, powdered ion-exchange resin 
is added to the melted matrix polymer in the fifth zone 22 and the 
blended matrix is further mixed and kneaded before degassing in the 
sixth zone 24. In a seventh zone 26, the blended, melted polymer matrix 
is compressed and fed to a sheet die head 28 for extrusion to form a 
heterogeneous ion- exchange membrane 

DETD [0069] A heterogeneous polypropylene ion- 
exchange membrane was produced by feeding a supply of 

metallocene propylene polymer to a twin-screw compounding extruder, said 
extruder having a first feed zone, a second melting zone, a third zone 
for kneading melt homogeneity, a feed entry port disposed down stream of 
the third zone, a fourth zone for effecting further kneading and mixing 
of additives to the preferred polymer melt, a fifth zone for mixing 
extrusion agents within the blended polymer melt a sixth zone for 
degassing and a seventh compression zone to transfer the blended polymer 
melt to a sheet die head for extrusion. The binder was maintained within 
a polymer melt section of the extruder at a temperature below about 130 
degrees C. to melt said binder and to knead to form a homogeneous melt. 
The kneaded melted matrix polymer was thereafter transported to an 
intermediate mixing zone and powdered ion-exchange resin was added to 
the melted matrix polymer with subsequent kneading and mixing the melted 
matrix polymer with the ion-exchange 

material at a temperature below about 130 degrees C. at 
atmospheric pressure. The blended, melted polymer matrix was then 
transported to a compression zone of the extruder. The blended, melted 
polymer matrix was thereafter transported from said compression zone to 
a sheet die head for extrusion to form a membrane having an extruded 
thickness of approximately 0.001 inches to about 0.050 inches. 

DETD [0071] Typically, the residence time of the ion- 
exchange material in the extrusion system will be 
under two minutes and preferably less than thirty seconds. 

DETD [0072] Accordingly, the present invention provides an apparatus for the 
formation of a heterogeneous ion-exchange 
membrane comprising in a single machine: a twin-screw 

compounding extruder, said extruder having a first feed zone, a second 
melting zone, a third zone for kneading melt homogeneity, means for 
feeding selective additives to the polymer melt downstream of said third 
zone, a fourth zone for effecting the kneading and mixing of additives 
to the preferred polymer melt, a fifth zone for mixing extrusion agents 
within the blended polymer melt, which may be placed anywhere after said 
zone three, a sixth compression zone for degassing the blended polymer 
melt, and a seventh compression zone to transfer the blended polymer 
melt to an attached sheet die head; in addition, an adjustable sheet die 
head for extruding thin melted sheet membrane, a roll stack for forming, 
cooling and calendaring the membrane, and a membrane take-up device; 
wherein the residence time of the ion-exchange 


material is kept to a minimum while at elevated temperatures, 
ideally less than two minutes, and a preferably to less than one minute. 
CLM What is claimed is: 

1. A method for the formation of a heterogeneous ion 
-exchange membrane comprising: a) feeding a supply 

of propylene binder to a inline compounding extruder, having means for 
melting, kneading and transferring the polymer binder to a sheet die 
head for extrusion; said extruder further having means for feeding and 
blending active additives in-line to the melted polymer binder at a 
prescribed processing stage; b) maintaining the polymer binder within 
said extruder at a temperature range of between about the softening 
point of said polymer binder and the melting point of said polymer 
binder to form a melted matrix polymer; c) kneading the melted matrix 
polymer to form a homogeneous matrix; d) subsequently adding and mixing 
a powdered ion-exchange resin, to the melted matrix polymer derived from 
step c) to form a homogenous blended melt within said extruder during a 
relatively limited residence time; and e) transporting the blended 
melted polymer matrix derived from step d) directly to a sheet die head 
for extrusion to form a heterogeneous ion- 
exchange membrane. 

2. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

said powdered ion-exchange resin is added to the melted matrix polymer 
in a range of between about 20% to about 80% by weight. 

3. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

the polymer binder is polypropylene polymer. 

4. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

the powdered ion-exchange resin has an average size of 200 mesh. 

5. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

polymer binder is metallocene polypropylene polymer having a narrow 
molecular weight distribution and having a melting point below about 130 
degrees C. 

6. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

the powdered ion-exchange resin has an average size of 325 mesh. 

7. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

the powdered ion-exchange resin is of Type I. 

8. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

the powdered ion-exchange resin is of Type II. 

9. The method for the formation of a heterogeneous ion 
-exchange membrane as defined in claim 1, wherein 

the powdered ion-exchange resin is of Type III. 

10. The method for the formation of a heterogeneous 
ion-exchange membrane as defined in claim 1, 
wherein the powdered ion-exchange resin is anionic. 

11. The method for the formation of a heterogeneous 
ion-exchange membrane as defined in claim 1, 


wherein the powdered ion-exchange resin is cationic. 


12. The method for the formation of a heterogeneous 
ion-exchange memb rane as defined in claim 1, 
wherein the powdered ion-exchange resin is amphoteric. 

13. The method for the formation of a heterogeneous 
ion "exchange membrane as defined in claim 1, 

wherein the powdered ion-exchange resin is a mixture of ion- 
exchange materials selected from the group consisting 
of: Type I, Type II, Type III, anionic, cationic, amphoteric and 
mixtures thereof. 

14. A heterogeneous ion-exchange 

membrane formed by the process defined in claim 1. 

15. The heterogeneous ion-exchange 

membrane as defined in claim 14 having a thickness within a 
range of from about 0.001 inches to about 0.05 inches. 

16. The heterogeneous ion-exchange 

membrane as defined in claim 14 having a thickness within a 
range of from about 0.005 inches to about 0.020 inches. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An apparatus for producing deionized water consisting essentially of an 

electrodialyzer having cation exchange 
membranes and anion exchange 

membranes alternately arranged between a cathode and an anode to 

form demineralizing compartments and concentrating compartments , and ion 

exchangers accommodated in the demineralizing compartments, wherein a 

pressure of from 0.1 to 20 kg/cm. sup. 2 is exerted between the ion 

exchangers accommodated in the demineralizing compartments and the 

cation exchange membranes and anion , 

exchange membranes defining the demineralizing 

compartments . 

SUMM As a method for producing deionized water, it is common to employ a 
method of obtaining deionized water by passing water to be treated 
through a packed bed of ion exchange resins so that impurity ions are 
removed as adsorbed on the ion exchange resin. Here, it is common to 
employ a method of regenerating the ion exchange resin having its 
adsorbing ability lowered, by means of an acid or alkali. However, such 
a method has a problem that a waste liquid of the acid or alkali used 
for the regeneration, is discharged. Therefore, a method for producing 
deionized water which requires no such regeneration is desired. From 
such a viewpoint, an attention has been drawn in recent years to a 
self-regenerating type electrodialytic deionized water producing method 
wherein ion exchange resins are used in combination with ion 
exchange membranes. This method is a method wherein a 

mixture of an anion exchange resin and a cation exchange resin is packed 

in demineralizing compartments of an electrodialyzer having 

anion exchange membranes and cation 

exchange membranes alternately arranged, and while 

supplying water to be treated to the demineralizing compartments, a 
voltage is applied to carry out electrodialysis to produce deionized 
water. In this method, it is common that the ion exchange resins in a 
wet condition are accommodated in the demineralizing compartments, 
whereby there have been drawbacks that the contact among the ion 
exchange resins to one another or between the ion exchange resins and 
the ion exchange membranes, is inadequate, 

and if it is attempted to increase the thickness of the mineralizing 
compartments to reduce the effective membrane area, electrical 
resistance tends to increase. 

SUMM It is an object of the present invention to provide a novel apparatus 
for producing deionized water whereby, in a self-regenerating type 
electrodialytic deionized water producing apparatus wherein ion 
exchangers and ion exchange membranes are 

used in combination, the increase of electrical resistance is small even 
if the thickness of a demineralizing compartment is made thick, and pure 
water can be constantly obtained over a long period of time without the 
above-mentioned drawbacks of the prior art, and to provide a method for 
producing deionized water by using such an apparatus. 

SUMM The present invention provides an apparatus for producing deionized 
water comprising an electrodialyzer having cation 
exchange membranes and anion 

exchange membranes alternately arranged between a 

cathode and an anode to form demineralizing compartments and 

concentrating compartments, and ion exchangers accommodated in the 

demineralizing compartments, wherein a pressure of from 0.1 to 20 

kg/cm. sup. 2 is exerted between the ion exchangers accommodated in the 

demineralizing compartments and the cation exchange 

membranes and anion exchange 


membranes defining the demineralizing compartments. 

DETD The pressure formed between the ion exchangers accommodated or packed in 
the demineralizing compartments and the cation 
exchange membranes and anion 

exchange membranes defining the demineralizing 

compartments, is adjusted within a range of from 0.1 to 20 kg/cm.sup.2. 
If the pressure is less than 0.1 kg/cm.sup.2, the contact of the ion 
exchanger particles to one another or between the ion exchangers and the 
ion exchange membranes tends to be 

inadequate, whereby electrical resistance is likely to increase, or a 
short path of water to be treated is likely to form and the purity of 
the resulting water tends to be low, such being undesirable. On the 
other hand, if the pressure exceeds 20 kg/cm.sup.2, the contact of the 
ion exchange resin particles to one another or between the ion 
exchangers and the ion exchange membranes 

will be adequate, but the amount of water treated tends to decrease, and 
the ion exchange membranes used, are 

likely to be damaged by the pressure. The above pressure is preferably 
from 0.5 to 10 kg/cm.sup.2, more preferably from 0.8 to 2 kg/cm.sup.2. 

DETD In the present invention, the pressure may be formed between the ion 
exchangers packed in the demineralizing compartments and the ion 
exchange membranes preferably in such a manner that 
(1) the ion exchangers to be accommodated in the demineralizing 
compartments are converted to a form having their volume reduced smaller 
than the volume of their regenerated form and then packed in the 
demineralizing compartments in an amount such that the volume of the 
regenerated form of the ion exchanger in a free state would be larger 
than the volume of the demineralizing compartments, followed by 
supplying water and conducting an electric current to let the ion 
exchanger expand to increase the volume thereby to increase the 
pressure, or (2) the ion exchanger is accommodated in the demineralizing 
compartments, and then the volume of the demineralizing compartments is 
mechanically reduced to increase the pressure. 

DETD In the above-mentioned method (2) wherein the ion exchangers are packed 
in the demineralizing compartments, and then the volume of the 
demineralizing compartments is mechanically reduced to increase the 
pressure, it is preferred to interpose a spacer which is shrinkable by 
pressure between demineralizing compartment frames and the ion 
exchange membranes, and exerting pressure from outside 
to compress the spacer after packing the ion exchangers, so that the 
volume of the demineralizing compartments is reduced by from 5 to 60 vol 
%. If the reduced volume of the demineralizing compartments is less than 
5 vol %, the contact of the accommodated ion exchangers tend to be poor. 
On the other hand, if the reduced volume of the demineralizing 
compartments exceeds 60 vol %, the contact will be good, but the 
pressure loss when water is passed through the ion exchanger tends to be 
large, such being undesirable. As the material for such shrinkable 
spacer, a foam sheet of e.g. polyethylene, polypropylene or polystyrene, 
is preferably employed. 

DETD As the ion exchanger, a cation exchanger, an anion exchanger or a 

mixture thereof, or a porous formed product thereof, can be employed. 
The ion exchanger may have a structure in which domains (regions) of a 
cation exchanger and domains (regions) of an anion exchanger are 
combined. In such a case, the patterns of the respective domains which 
are in contact with the ion exchange 

membrane? f may be various patterns. For example, a sea-island 
pattern, a layered pattern, a mosaic pattern or a lattice pattern may be 
employed. Particularly preferred is a sea-island pattern or a layered 
pattern, since the ion exchanger with such a pattern can readily be 
accommodated into the demineralizing compartments, and demineralization 
can efficiently be carried out. However, the overall proportions of the 


cation exchanger and the anion exchanger used are preferably such that 
the total ion exchange capacity ratio of the cation exchanger/the anion 
exchanger is within a range of from 20/80 to 80/20. 
DETD The thickness of the porous sheet having the ion exchange resin 

particles bound by the binder polymer, is preferably such that the 
thickness in a form having the volume reduced for packing into the 
demineralizing compartment will be from 50 to 100% of the thickness of 
the demineralizing compartment. If this thickness is less than 50% of 
the thickness of the demineralizing compartment, the porous sheet will 
not closely contact with the ion exchange 

membranes when water is supplied and an electric current is 
conducted, such being undesirable. If the thickness exceeds 100%, such a 
sheet can not be accommodated in the demineralizing compartment. The 
thickness of the porous sheet in a form having the volume reduced is 
particularly preferably from 70 to 90% of the thickness of the 
demineralizing compartment. 
DETD The electrodialyzer comprises an anode compartment provided with an 

anode and a cathode compartment provided with a cathode, and a plurality 
of cation exchange membranes and 
anion exchange membranes which are 

alternately arranged between the anode compartment and the cathode 
compartment preferably via compartment frames to form demineralizing 
compartments each defined by an anion exchange 
membrane on the anode side and by a cation 
exchange membrane on the cathode side, and 
concentrating compartments each defined by a cation 
exchange membrane on the anode side and by an 
anion exchange membrane on the cathode side, 

alternately, preferably in a total number of from 2 to 50 units. The 
thickness of a picture frame-like compartment frame having an opening at 
its center, which is present between a cation exchange 
membrane and an anion exchange 

membrane/ determines the thickness of the demineralizing 
compartment or the concentrating compartment. The thicknesses of the 
compartment frames of the demineralizing compartment and the 
concentrating compartment may not necessarily be the same. The 
ion exchange membranes may be of a 

homogeneous type or a heterogeneous type, and in order to increase the 
mechanical strength, the one reinforced by a woven fabric or a non-woven 
fabric, may be used. In a concentrating compartment, it is preferred to 
insert a spacer of a network-form, preferably made of a plastic, in 
order to maintain the thickness of the concentrating compartment 
preferably thinner than the thickness of the demineralizing compartment 
and within a range of preferably from 0.05 to 10 cm. Demineralization 
can be carried out by conducting an electric current while supplying 
water to be treated to the demineralizing compartments and supplying 
water to the concentrating compartments to discharge the concentrated 
salts. To each unit cell, a voltage of from 4 to 20 V is applied to 
conduct an electric current preferably at a current density of from 
0.00001 to 0.05 A/cm. sup. 2. 
DETD FIG. 3 is a schematic view illustrating an embodiment of an 
electrodialyzer of such a type. In FIG. 3, A is an anion 
exchange membrane, and K is a cation 
exchange membrane. As shown, the anion 
exchange membranes A and the cation 
exchange membranes K are arranged in the 

electrodialyzer 1 via demineralizing compartment frames Dl, D2, D3 . . . 
Dn and concentrating compartment frames CI, C2, C3 . . . Cn at 
predetermined distances, to form an anode compartment 2, concentrating 
compartments Si, S2 . . . Sn, demineralizing compartments Rl, R2 . . . 
Rn and a cathode compartment 3. In the demineralizing compartments Rl, 
R2 . . . Rn, anion and cation exchange resins are accommodated or 


packed. In the concentrating compartments, spacers Nl, N2, N3 . . . Nn 
are inserted. 

DETD In FIG. 3, reference numeral 4 indicates an anode and numeral 5 

indicates a cathode, and a predetermined voltage is applied across the 
two electrodes during the operation, whereby anions in water to be 
treated which is introduced into the demineralizing compartments Rl, R2 
. . . Rn from a conduit 6, will permeate and move to a concentrating 
compartment on the anode side through an anion 
exchange membrane A, while cations in water to be 

treated will permeate and move to a concentrating compartment on the 
cathode side through a cation exchange 

membrane K, and water to be treated itself will be deionized and 
discharged via a conduit 7. Further, water or an aqueous solution is 
introduced into the respective concentrating compartments SI, S2 . . . 
Sn from a conduit 8, and the anion and cation components permeated and 
moved as described above, will be collected and discharged as a 
concentrated solution from a conduit 9. Cations in the water to be 
treated, which are captured by the cation exchangers in a demineralizing 
compartments, will have a driving force given by the electric field, 
will reach cation exchange membranes via 

cation exchangers which are in contact with the cation exchangers which 
captured the cations, and further, they will pass through the membranes 
and move to a concentrating compartments. Likewise, anions in the water 
to be treated which are captured by the anion exchangers will move to a 
concentrating compartments via an anion exchangers and an anion 
exchange membranes. Accordingly, it is more preferred 
that the cation exchanger and the anion exchanger are, respectively, 
gathered to form domains or gathered regions, whereby contact points of 
exchanger particles of the same ion type increase remarkably, so that 
movement of ions is facilitated, and the deionization performance will 
be improved. 

DETD A spherical cation exchange resin (Diaion SK1B, tradename, Mitsubishi 
Chemical Corporation) having an average diameter of 500 .mu.m and a 
spherical anion exchange resin (Diaion SA10A, tradename, manufactured by 
Mitsubishi Chemical Corporation) having an average diameter of 500 .mu.m 
were mixed in a volume ratio of 50/50 and dried at 50. degree. C. By the 
drying, the weight of the mixture decreased to 55 wt % of the original 
weight. As a binder, a linear low density polyethylene 

used in Example 2 mentioned below of a pellet form having a diameter of 
from 2 to 6 mm and a length of from 4 to 9 mm, was added in an amount 
shown in Table 1 as the amount of the binder to the total amount of the 
binder and the ion exchange resins, and the mixture was kneaded by a 
kneader at 140. degree. C. for 40 minutes. This kneaded product was put 
into a metal mold of a rectangular parallelopiped with an opening side 
surface of 250 mm. times. 150 mm and pressed under a condition of 
120. degree. C. times. 25 kgw/cm.sup.2 to obtain a porous molded sheet of 
a rectangular parallelopiped. 
DETD One of ion exchangers 1 to 9 was put in a demineralizing compartment 27 
of an electrodialyzer having a construction as shown in FIG. 2 and 
clamped to a prescribed size. The shape of the demineralizing 
compartment 27 was a rectangular parallelopiped, whereby the length in 
the water flow direction was 140 mm, the width was 100 mm, and the space 
between an anion exchange membrane 28 and 
a cation exchange membrane 25 was 8 mm. In 

each of two concentrating compartments 26, a spacer net made of 
polypropylene was inserted, so that even when the ion exchanger in the 
demineralizing compartment 27 expanded, the space between the anion and 
cation exchange membranes would not 

substantially change. Accordingly, also in this demineralizing 
compartment, the ion exchanger exhibits the same pressure as shown in 
Table 2. Further, for the purpose of comparison, as ion exchanger 10, a 
molded product of 111 mm. times . 79 . 4 mm. times. 6.3 mm prepared in the same 


manner as ion exchangers 1 to 9 and having a binder amount of 2 wt %, 
was permitted to absorb water adequately and adjusted to have the same 
size as the demineralizing compartment 27, and such a molded sheet was 
accommodated in the demineralizing compartment 27. 
DETD With ion exchangers 1 to 9, deionized water of a high purity was 
obtained constantly, and the resistivity was low. Further, such a 
tendency was observed that with an ion exchanger having a higher 
pressure shown in Table 2, the properties were better. Whereas, with ion 
exchanger 10, the purity of deionized water was not high. From the 
measurement of the pressure loss, it was found that spaces were formed 
between the ion exchangers and the compartment frames or between the ion 
exchangers and the ion exchange membranes, 

towards the outlet from the inlet of each demineralizing compartment. 
DETD A sulfonic acid type (H-type) cation exchange resin having a particle 

size of from 400 to 600 .mu.m and an ion exchange capacity of 4.5 meq/g 
dry resin (Diaion SK-1B, tradename, manufactured by Mitsubishi Chemical 
Corporation) and a quaternary ammonium salt type (OH- type) anion 
exchange resin having a particle size of from 400 to 600 .mu.m and an 
ion exchange capacity of 3.5 meq/g dry resin (Diaion SA-10A, tradename, 
manufactured by Mitsubishi Chemical Corporation) were subjected to hot 
air drying at a temperature of 50. degree. C. to bring the water content 
to 8 wt % and then mixed in a ratio of cation exchange resin/anion 
exchange resin=44/56 (weight ratio in a dried state) to obtain a mixture 
having an ion exchange capacity ratio of 50/50. This dried ion exchange 
resin mixture was packed into each demineralizing compartment of an 
electrodialyzer wherein the thickness of the demineralizing compartment 
was 1.2 cm and the thickness of a concentrating compartment having a 
spacer net made of polypropylene (thickness: 0.2 cm) was 0.2 cm, to a 
volume packing ratio of 60%. After supplying water for 60 minutes and 
electric current conducting pretreatment for 24 hours, the resistivity 
in water with 10 .mu.S/cm was measured and found to be 1051 
.OMEGA. .multidot. cm at a current density of 0.0025 A/cm. sup. 2. Using 
such an electrodialyzer shown in FIG. 3, production of deionized water 
was carried out as follows. The electrodialyzer was the one consisting 
of a filter press type dialyzer having cation exchange 
membranes (strongly acidic heterogeneous membranes, thickness: 
500 .mu.m, ion exchange capacity: 2.7 meq/g dry resin) and anion 
exchange membranes (strongly basic 

heterogeneous membranes, thickness: 500 .mu.m, exchange 

capacity: 2.1 meq/g dry resin) alternately arranged and clamped via 
demineralizing compartment frames (made of polypropylene having a 
thickness of 1.2 cm) and concentrating compartment frames (made of 
polypropylene having a thickness of 0.2 cm) and having an effective 
surface area of 507 cm. sup. 2 (width: 13 cm, length: 39 cm). times. 5 pairs 
of the demineralizing compartment and the concentrating compartment. 
DETD According to the apparatus for producing deionized water of the present 
invention, the contact of the ion exchanger particles with one another 
and with the ion exchange membranes, is 

increased as accommodated in the demineralizing compartments of an 
electrodialyzer, whereby the resistivity can be reduced, and the 
thickness of the demineralizing compartments can be made large. 
Accordingly, it is possible to obtain an apparatus having a large 
production rate of deionized water with a relatively small effective 
surface area of the membrane. 
CLM What is claimed is: 

1. An apparatus for producing deionized water comprising an 
electrodialyzer having cation exchange 
membranes and anion exchange 

membranes alternatively arranged between a cathode and an anode 
to form demineralizing compartments and concentrating compartments and 
ion exchangers accommodated in the demineralizing compartments, wherein 
a pressure of from 0.1 to 20 kg/cm. sup. 2 is exerted between the ion 


exchangers accommodated in the demineralizing compartments and the 

cation exchange membranes and anion 

exchange membranes defining the demineralizing 

compartments, and wherein said pressure is formed by mechanically 
reducing the volume of the demineralizing compartments. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
TI Heterogeneous ion exchange 

membrane and process for its production 
AB A heterogeneous ion exchange 

membrane comprising an ion exchange resin and a binder polymer, 

wherein the binder polymer is a polymer containing at least a mixture 

comprising low density polyethylene and ethylene-propylene rubber or 

ethylene-propylene-diene rubber. 
SUMM The present invention relates to a heterogeneous ion 

exchange membrane, particularly an ion 

exchange membrane for adsorbing or permeation 

separating ions in an aqueous solution. 

SUMM ion exchange membranes have been reported 

in many literatures and patents. Styrene-divinylbenzene copolymer type 
homogeneous ion exchange membranes may be 

mentioned as the most practical and useful ones. In addition to their 
chemical resistance and heat resistance, these ion 
exchange membranes have a merit such that the ion 
exchange characteristics and the selective permeability can be 
controlled by changing the content of divinylbenzene as a crosslinking 
agent. Accordingly, they have been developed as various types of 
products synthesized for various applications. Especially in the field 
of concentrating seawater by electrodialysis relating to manufacture of 
common salt, membranes having low electrical resistance, a high 
transport number and a high level of function to selectively permeate 


monovalent ions, have been developed. 


SUMM However, such styrene-divinylbenzene copolymer type ion 
exchange membranes are costly since they require 

cumbersome and highly sensitive process steps for polymerization and 
reaction. Further, it is difficult to control the heat thereby generated 
or the dimensional change, and there has been a drawback that the yield 
tends to be low, and the product tends to be expensive. 

SUMM As a means to solve such drawbacks, Chinese Patent Publication No. 

1,044,411 discloses a case wherein a mixture comprising linear low 
density polyethylene, an ethylene-vinyl acetate copolymer as a flexible 
material and polyisobutene rubber, is used as a binder polymer. However, 
the ethylene-vinyl acetate copolymer is poor in chemical resistance and 
durability, and accordingly, such a method has had a drawback that it is 
hardly possible to obtain an ion exchange 

membrane having adequate properties durable for use for a long 
period of time. 

SUMM The present invention has been made to solve the above-mentioned 
problems of the prior art and to provide a novel heterogeneous 
ion exchange membrane and a process for its 
production . 

SUMM Namely, the present invention provides a heterogeneous 
ion exchange membrane comprising an ion 

exchange resin and a binder polymer, wherein the binder polymer is a 
polymer containing at least a mixture comprising low density 
polyethylene and ethylene-propylene rubber or ethylene-propylene-diene 
rubber . 

SUMM As the low density polyethylene constituting the 

binder polymer to be used in the present invention, preferred is 
one having a density of from 0.880 to 0.930 g/cm.sup.3, particularly 
from 0.900 to 0.926 g/cm.sup.3 and a melt flow rate, as an index for 
molecular weight, of from 3.0 to 30 g/10 min, as measured by JIS K6760. 
Here, the low density polyethylene includes linear low density 
polyethylene. Usual low density polyethylene and linear polyethylene may 
be used alone or in combination as a mixture. In the case of a mixture, 
it may be at any mixing ratio, so long as the physical properties of the 
mixture will be in the above ranges. On the other hand, as the 
ethylene-propylene rubber, preferred is one having a propylene content 
of from 25 to 50 wt % and a Mooney viscosity of from 35 to 50. As the 
ethylene-propylene-diene rubber, preferred is one having a propylene 
content of from 25 to 50 wt % and a Mooney viscosity of from 40 to 90. 

SUMM The ion exchange resin to be used in the present invention may, for 

example, be a strongly acidic cation exchange resin, a strongly basic 
anion exchange rein or an amphoteric ion exchange resin. These resins 
may be used alone or in combination as a mixture. Particularly preferred 
is a cation exchange resin having sulfonic acid groups introduced to a 
styrene-divinylbenzene copolymer, or an anion exchange resin having 
quaternary ammonium groups introduced thereto. With respect to the 
mixing ratio of the ion exchange resin particles and the binder polymer, 
the weight ratio of the ion exchange resin/the binder polymer is 
preferably from 40/60 to 70/30, more preferably from 50/50 to 60/40. If 
the ion exchange resin is less than 40 wt %, the electrical resistance 
of the resulting heterogeneous ion exchange 

membrane tends to be remarkable high, such being undesirable. If 
the ion exchange resin exceeds 70 wt %, the mechanical strength tends to 
be so low that it tends to be difficult to form a membrane. In the 
present invention, in addition to the ion exchange resin and the binder 


polymer, other substances, for example, a lubricant such as glycerol, 
may be added in an amount of from 5 to 10 wt %, as the case requires. 

SUMM The ion exchange capacity of the ion exchange resin is preferably from 
1.0 to 5.0 meq/g dry resin, more preferably from 3.0 to 4.8 meq/g dry 
resin. With respect to the particle size of the ion exchange resin 
particles, it is preferred that the maximum particle size is at most 150 
.mu.m, and particles having particle sizes of from 100 to 150 .mu.m 
constitute at most 5 wt %, based on the entire material of ion exchange 
resin particles, and particles having particle sizes of at most 20 .mu.m 
constitute at most 20 wt %. If the maximum particle size exceeds 150 
.mu.m, or if particles having particle sizes of from 100 to 150 .mu.m, 
constitute more than 5 wt %, pinholes are likely to be formed when a 
heterogeneous ion exchange membrane 

is formed, and the mechanical strength of the membrane tends to be low, 
such being undesirable. If ion exchange resin particles having particle 
sizes of at most 20 .mu.m exceeds 20 wt %, the surface area of the ion 
exchange resin particles increases too much, whereby kneading with the 
binder polymer tends to be inadequate, and defects are likely to form, 
such being undesirable. Further, if heat kneading is carried out 
sufficiently to eliminate defects, it takes time, ion exchange groups 
are likely to be decomposed as the kneading temperature increases, or 
the electrical resistance of the membrane tends to increase 
substantially, such being undesirable. 

SUMM The heterogeneous ion exchange 

membrane of the present invention is prepared by a process which 
comprises preparing a mixture of solid particles comprising the 
above-mentioned ion exchange resin and a binder polymer which is a 
polymer containing the mixture of low density polyethylene and 
ethylene-propylene rubber or ethylene-propylene-diene rubber, 
melt-molding the mixture of solid particles to form a membrane product. 

SUMM The proportions of the ion exchange resin and the binder polymer to be 
used for the above process, are as described above. Mixing of low 
density polyethylene and rubber to form the binder 

polymer, and mixing of the binder polymer with the ion exchange resin, 
are preferably carried out to obtain the respective mixtures as uniform 
as possible. In some cases, these mixtures may be melt-molded to obtain 
pellets having a diameter of from 2 to 6 mm. 

SUMM The ion exchange membrane of the present 
invention can be used as an ion exchange 

membrane useful for electrodialysis for e.g. concentrating 
seawater, demineralizing water, concentrating and recovering acids or 
recovering valuable metals, or for diffusion dialysis for e.g. 
recovering acids, or for a separator for e.g. secondary cells. It is 
particularly useful for production of industrial water and drinking 
water by electrodialytic demineralization of water or for production of 
pure water by self regeneration type electrodialysis, wherein an ion 
exchange resin and an ion exchange membrane 
are used in combination to produce pure water. 

DETD On the other hand, as an ion exchange resin, Diaion SK-1B 

(styrene-divinylbenzene copolymer resin, ion exchange groups: — SO. sub. 3 
Na type, apparent density: 0.825 g/ml, water content; 43 to 50 wt %, ion 
exchange capacity; 2.0 meq/me) manufactured by Mitsubishi Chemical 
Corporation being a strongly acidic cation exchange resin, was used, and 
the resin was dried in a hot air at 60. degree. C. for 24 hours and then 
pulverized by a jet mill. The pulverized particles were sieved by a 
stainless steel mesh to remove particles having particle sizes exceeding 
150 .mu.m. The particle size distribution of the obtained powder 


particles of ion exchange resin having particle size of at most 150 
.mu.m was measured by sieving, whereby particles having particle sizes 
of from 100 to 150 .mu.m were 1.2 wt %, and particles having particle 
sizes of at most 20 .mu.m were 12 wt % . Such ion exchange resin 
particles and the above-mentioned low density polyethylene/ethylene- 
propylene-diene rubber mixture were mixed in a mixing ratio of 60/4 0 
(weight ratio) and kneaded in a laboplastomill at 130. degree. C. at 50 
rpm for 20 minutes. The obtained kneaded product was subjected to hot 
melt pressing by a flat plate press at 160. degree. C. to obtain a 
cation exchange membrane having a thickness 
of 500 .mu.m. 

DETD An anion exchange membrane having a 

thickness of 500 .mu.m was prepared in the same manner as in Example 1 
except that as the ion exchange resin, Diaion SA-10A 
(styrene-divinylbenzene copolymer resin, ion exchange groups: 
— N(CH.sub.3) .sub. 3 CI type, apparent density: 0.685 g/ml, water 
content: 43 to 47 wt %, ion exchange capacity: 1.3 meq/ml) manufactured 
by Mitsubishi Chemical Corporation being a strongly basic anion exchange 
resin, was used. The particle size distribution of particles of the ion 
exchange resin powder having particle sizes of at most 150 .mu.m, was 
such that particles having particle sizes of from 100 to 150 .mu.m were 
0.9 wt %, and particles having particle sizes of at most 20 .mu.m were 8 
wt %. The obtained membrane was dipped in deionized water at 50. degree, 
for 2 days, whereupon the electrical resistance of the membrane was 
measured at an alternate current of 1,000 Hz in a 0.5N sodium chloride 
aqueous solution, whereby the resistivity was 300 . OMEGA. . mult idot . cm. 
Further, the strength at break of this membrane was 2.5 MPa, the 
elongation at break was 150%, and the bursting strength was 0.13 MPa. 
Further, the permeability of water was measured by putting water on one 
side of the membrane to exert a pressure of 0.35 kg/cm.sup.2, whereby 
the water permeation rate was as low as 30 ml/h.multidot ,m. sup . 2, and 
deformation of the membrane against pressure was little. 

DETD A cation exchange membrane having a 

thickness of 500 .mu.m was prepared in the same manner as in Example 1 
except that the above polymer was used as the binder polymer. The 
obtained membrane was dipped in deionized water at 50. degree. C. for 2 
days, whereupon the electrical resistance of the membrane was measured 
at an alternate current of 1,000 Hz in a 0.5N sodium chloride aqueous 
solution, whereby the resistivity was 480 . OMEGA. .mult idot . cm. Further, 
the strength at break of this membrane was 2.5 MPa, the elongation at 
break was 130%, and the bursting strength was 0.12 MPa. Further, the 
permeability of water was measured by putting water on one side of the 
membrane to exert a pressure of 0.35 kg/cm.sup.2, whereby the water 
permeation rate was as low as 18 ml/h .multidot . m. sup . 2 , and deformation 
of the membrane against pressure was little. 

DETD An anion exchange membrane having a 

thickness of 500 .mu.m was prepared in the same manner as in Example 2 
except that the above polymer was used as the binder polymer. The 
obtained membrane was dipped in deionized water at 50. degree. C. for 2 
days, whereupon the electrical resistance of the membrane was measured 
at an alternate current of 1,000 Hz in a 0.5N sodium chloride aqueous 
solution, whereby the resistivity was 250 . OMEGA. .multidot . cm. Further, 
the strength at break of this membrane was 2.0 MPa, the elongation at 
break was 120%, and the bursting strength was 0.12 MPa. Further, the 
permeability of water was measured by putting water on one side of the 
membrane to exert a pressure of 0.35 kg/cm.sup.2, whereby the water 
permeation rate was as low as 60 ml/h .multidot .m. sup . 2 , and deformation 
of the membrane against pressure was little. 

DETD A cation exchange membrane having a 

thickness of 500 .mu.m was prepared in the same manner as in Example 1 
except that to the low density polyethylene/ethylene-propylene-diene 
rubber mixture obtained in Example 1, high density polyethylene 


(Mitsubishi Polyethy HD-HJ290, tradename, manufactured by Mitsubishi 
Chemical Corporation) was mixed in a weight ratio of 75/25, and the 
mixture was used as the binder polymer. The obtained membrane was dipped 
in deionized water at 50. degree. C. for 2 days, whereupon the electrical 
resistance of the membrane was measured at an alternate current of 1,000 
Hz in a 0.5N sodium chloride aqueous solution, whereby the resistivity 
was 400 .OMEGA. .mult idot. cm. Further, the strength at break of this 
membrane was 2.0 MPa, the elongation at break was 120%, and the bursting 
strength was 0.12 MPa. Further, the permeability of water was measured 
by putting water on one side of the membrane to exert a pressure of 0.35 
kg/cm. sup. 2, whereby the water permeation rate was as low as 80 
ml/h.multidot.m.sup.2, and deformation of the membrane against pressure 
was little. 

DETD A cation exchange membrane having a 

thickness of 500 .mu.m was prepared in the same manner as in Example 1 
except that in Example 1, the ethylene-hexene-1 copolymer (Mitsubishi 
Polyethy C6-SF240, tradename, manufactured by Mitsubishi Chemical 
Corporation) was used as the binder polymer. The obtained membrane was 
dipped in deionized water at 50. degree. C. for 2 days, whereupon the 
electrical resistance of the membrane was measured at an alternate 
current of 1,000 Hz in a 0.5N sodium chloride aqueous solution, whereby 
the resistivity was as low as 350 . OMEGA. . mult idot . cm, but the strength 
at break of this membrane was 1.3 MPa, the elongation at break was 70%, 
and the bursting strength was 0.08 MPa, and thus the strength was poor. 
Further, the permeability of water was measured by putting water on one 
side of the membrane to exert a pressure of 0.35 kg/cm. sup. 2, whereby 
the water permeation rate was as high as 500 ml/h.multidot.m.sup.2, and 
deformation of the membrane against pressure was substantial. 

DETD An anion exchange membrane having a 

thickness of 500 .mu.m was prepared in the same manner as in Example 2 
except that the low density polyethylene/ethylene-propylenediene rubber 
mixture obtained in Example 1 and high density polyethylene (Mitsubishi 
Polyethy HD-HJ290, tradename, manufactured by Mitsubishi Chemical 
Corporation) were mixed in a weight ratio of 25/75, and the mixture was 
used as a binder polymer, and the mixing conditions of the anion 
exchange resin powder particles and the above binder polymer were 
changed to 160. degree. C, 50 rpm and 20 minutes. The obtained membrane 
was dipped in deionized water at 50. degree. C. for 2 days, whereupon the 
electrical resistance of the membrane was measured at an alternate 
current of 1,000 Hz in a 0.5N sodium chloride aqueous solution, whereby 
the resistivity was as high as 1,000 . OMEGA. . mult idot . cm. Further, the 
strength at break of this membrane was 1.0 MPa, the elongation at break 
was 60%, and the bursting strength was 0.07 MPa, and thus the strength 
was low. Further, the permeability of water was measured by putting 
water on one side of the membrane to exert a pressure of 0.35 
kg/cm. sup. 2, whereby the water permeation rate was as high as 2,500 
ml/h.multidot.m.sup.2, and deformation of the membrane against pressure 
was large. 

DETD As described in the foregoing, the improved heterogeneous 
ion exchange membrane of the present 

invention is not only inexpensive but also has merits such that the 
electrical resistance is relatively low and the mechanical strength is 
high . 

CLM What is claimed is: 

1. A heterogeneous ion exchange 

membrane comprising an ion exchange resin and a polymeric 
binder, wherein the binder is a mixture comprising low density 
polyethylene and from 10 to 50 wt % of rubber, wherein the rubber is at 
least one selected from the group consisting of ethylene-propylene 
rubber and ethylene-propylene-diene rubber. 


2 . The heterogeneous ion exchange 


membrane according to claim 1, wherein the binder polymer is a 
polymer containing at least 40 wt %, based on the binder polymer, of 
said mixture. 

3. The heterogeneous ion exchange 

membrane according to claim 1, wherein the mixture comprising 
low density polyethylene and rubber is a polymer having physical 
properties of a surface hardness (Shore A) of from 80 to 97, a tensile 
strength at break of at least 130 kg/cm. sup. 2, an elongation at break of 
from 700 to 900% and a Vicat softening point of from 75 to 130. degree. 
C. 

4 . The heterogeneous ion exchange 

membrane according to claim 1, wherein the mixing ratio of the 

ion exchange resin/the binder polymer is from 40/60 to 70/30 (weight 

ratio) . 

5. The heterogeneous ion exchange 

membrane according to claim 1, wherein the ion exchange resin is 

a strongly acidic cation exchange resin, a strongly basic anion exchange 

resin, an amphoteric ion exchange resin or a mixture thereof. 

6. The heterogeneous ion exchange 

membrane according to claim 1, wherein the heterogeneous 
ion exchange membrane is in the form of a 
hollow fiber. 

7. A process for producing a heterogeneous ion 
exchange membrane , which comprises preparing a mixture 

of solid particles comprising an ion exchange resin and a polymeric 
binder wherein the binder is a mixture comprising low density 
polyethylene and from 10 to 50 wt % of rubber, wherein the rubber is at 
least one selected from the group consisting of ethylene-propylene 
rubber and ethylene-propylene-diene rubber, melt-molding the mixture of 
solid particles to obtain a membrane product. 
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AB The present invention is directed to a novel product and method for 

isolating ectoparasite saliva proteins, and a novel product and method 
for detecting and/or treating allergic dermatitis in an animal. The 
present invention includes a saliva protein collection apparatus capable 
of collecting ectoparasite saliva proteins substantially free of 
contaminating material. The present invention also relates to 
ectoparasite saliva proteins, nucleic acid molecules having sequences 
that encode such proteins, and antibodies raised against such proteins. 
The present invention also includes methods to obtain such proteins and 
to use such proteins to identify animals susceptible to or having 
allergic dermatitis. The present invention also includes therapeutic 
compositions comprising such proteins and their use to treat animals 
susceptible to or having allergic dermatitis. 
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of heterogeneous ion-exchange membranes by 

prescribed in-line compounding and extrusion of a polymeric binder and 
heat sensitive ion-exchange resin. The ion-exchange resin is 
incorporated, at a late process stage, into the melted matrix polymer at 
relatively low temperature and residence time prior to transfer to a die 
head for extrusion. In the presently preferred embodiment, the in-line 
compounding apparatus comprises a twin-screw compounding extruder, for 
effecting late stage kneading and mixing of ion-exchange resin and 
optional additives to the polymer melt, prior to compression to transfer 
the blended polymer melt to a die head for extrusion. Accordingly, the 
final properties of the resultant heterogeneous ion- 
exchange membrane are enhanced as the blended polymer 
melt material is not exposed to excessive heat and shear history. 
Resultant heterogeneous ion-exchange 

membranes and apparatus for treatment of fluid streams utilizing 
such membranes are also provided. 
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of heterogeneous ion-exchange membranes by 

prescribed in-line compounding and extrusion of a polymeric binder and 
heat sensitive ion-exchange resin. The ion-exchange resin is 
incorporated, at a late process stage, into the melted matrix polymer at 
relatively low temperature and residence time prior to transfer to a die 
head for extrusion. In the presently preferred embodiment, the in-line 
compounding apparatus comprises a twin-screw compounding extruder, for 
effecting late stage kneading and mixing of ion-exchange resin and 
optional additives to the polymer melt, prior to compression to transfer 
the blended polymer melt to a die head for extrusion. Accordingly, the 
final properties of the resultant heterogeneous ion- 
exchange membrane are enhanced as the blended polymer 
melt material is not exposed to excessive heat and shear history. 
Resultant heterogeneous ion-exchange 

membranes and apparatus for treatment of fluid streams utilizing 
such membranes are also provided. 
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AB The present invention is directed to a novel product and method for 

isolating ectoparasite saliva proteins, and a novel product and method 
for detecting and/or treating allergic dermatitis in an animal. The 
present invention includes a saliva protein collection apparatus capable 
of collecting ectoparasite saliva proteins substantially free of 
contaminating material. The present invention also relates to 
ectoparasite saliva proteins, nucleic acid molecules having sequences 
that encode such proteins, and antibodies raised against such proteins. 


The present invention also includes methods to obtain such proteins and 
to use such proteins to identify animals susceptible to or having 
allergic dermatitis. The present invention also includes therapeutic 
compositions comprising such proteins and their use to treat animals 
susceptible to or having allergic dermatitis. 
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AB A heterogeneous ion exchange material is 

provided which comprises an ion exchange resin incorporated within a 
binder, the binder comprising a material selected from the group 
consisting of: (i) a Metallocene catalyzed linear low density 
polyethylene, (ii) a very low density polyethylene or ultra low density 
polyethylene processed using either Ziegler-Natta catalysts or 
Metallocene catalysts, (iii) a thermoplastic elastomeric olefin 
comprising a polypropylene continuous phase with an ethylene-propylene- 
diene monomer or ethylene-propylene rubber rubbery phase dispersed 
through the polypropylene continuous phase, and (iv) a thermoplastic 
vulcanizate comprising a polypropylene continuous phase with an 
ethylene-propylene-diene monomer, ethylene-propylene rubber, 
nitrile-butadiene rubber, natural rubber or ethylene vinyl acetate 
rubbery phase dispersed through the polypropylene continuous phase. The 
ion exchange membrane can be manufactured 

using advanced extrusion techniques, including computer-controlled 
material fee, computer-controlled automatic die thickness adjustment 
with independently adjustable lip segments and nuclear gauge detection 
with feed-back control. It can also be manufactured by injection 
molding . 
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isolating ectoparasite saliva proteins, and a novel product and method 
for detecting and/or treating allergic dermatitis in an animal. The 
present invention includes a saliva protein collection apparatus capable 
of collecting ectoparasite saliva proteins substantially free of 
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ectoparasite saliva proteins, nucleic acid molecules having sequences 
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to use such proteins to identify animals susceptible to or having 
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compositions comprising such proteins and their use to treat animals 
susceptible to or having allergic dermatitis. 
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isolating ectoparasite saliva proteins, and a novel product and method 
for detecting and/or treating allergic dermatitis in an animal. The 
present invention includes a saliva protein collection apparatus capable 
of collecting ectoparasite saliva proteins substantially free of 
contaminating material. The present invention also relates to 
ectoparasite saliva proteins, nucleic acid molecules having sequences 
that encode such proteins, and antibodies raised against such proteins. 
The present invention also includes methods to obtain such proteins and 
to use such proteins to identify animals susceptible to or having 
allergic dermatitis. The present invention also includes therapeutic 
compositions comprising such proteins and their use to treat animals 
susceptible to or having allergic dermatitis. 
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isolating ectoparasite saliva proteins, and a novel product and method 
for detecting and/or treating allergic dermatitis in an animal. The 
present invention includes a saliva protein collection apparatus capable 
of collecting ectoparasite saliva proteins substantially free of 
contaminating material. The present invention also relates to 
ectoparasite saliva proteins, nucleic acid molecules having sequences 
that encode such proteins, and antibodies raised against such proteins. 


The present invention also includes methods to obtain such proteins and 
to use such proteins to identify animals susceptible to or having 
allergic dermatitis. The present invention also includes therapeutic 
compositions comprising such proteins and their use to treat animals 
susceptible to or having allergic dermatitis. 
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AB A heterogeneous ion-exchange material 

comprises an ion-exchange resin incorporated within a binder 
which comprises a material selected from (i) a metallocene 
-catalyzed linear low-d. polyethylene, (ii) a very low-d. polyethylene or 
ultra low-d. polyethylene produced using either Ziegler-Natta catalysts or 
metallocene catalysts, (iii) a thermoplastic olefin elastomeric material 
comprising a polypropylene continuous phase with a rubbery phase of 
ethylene-propylene-diene rubber or ethylene-propylene rubber dispersed 
through the polypropylene continuous phase, and (iv) a thermoplastic 
vulcanizate comprising a polypropylene continuous phase with an 
ethylene-propylene-diene rubber, ethylene-propylene rubber, 
nitrile-butadiene rubber, natural rubber, ethylene-vinyl acetate rubbery 
phase dispersed through the polypropylene continuous phase, a copolymer of 
vinylidene fluoride and hexaf luoropropylene, or a copolymer of vinylidene 
fluoride, hexaf luoropropylene, and tetraf luoroethylene . The ion 
-exchange membrane can be manufd. using advanced 

extrusion techniques, including computer-controlled material feed, 
computer-controlled automatic die thickness adjustment with independently 
adjustable lip segments and nuclear gauge detection with feed-back 
control . 
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AB It is MPPE based polymeric carbon materials with high electric and gas 

conductivity, large surface area with narrow pore size distribution, 
good mechanical strength, versatile applications and ease of 
manufacturing. The carbon material can be in the form of carbon powder, 
carbon fiber reinforced sheets or other types of carbon/carbon 
composites. This carbon material can be readily utilized in/as base 
materials for catalysts, adsorbent, water treatment materials, 
electrodes for double layer capacitors, fuel gas storage materials and 
fuel cell gas diffusion electrodes. The carbon is produced by oxidation 
of poly (phenylene ether) (PPE) in air or other oxygen containing 
atmospheres at temperatures near the glass transition temperature of 
PPE, followed by carbonization of the oxidized material in an inert 
atmosphere at elevated temperatures ( 400-3000 . degree . C.) and activating 
the carbon materials with steam, carbon dioxide, oxygen containing 


gases, organic or inorganic bases and organic or inorganic acids. The 
carbon is characterized by high electric conductivity and high surface 
area with controllable pore size distribution. The method also involves 
modification of the original polymer with an oxidization process, 
forming the preform by casting, molding or extruding a mixture of 
polymer and other carbon materials, carbonizing the preform at elevated 
temperatures and activating such materials as aforementioned. 
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AB Fluid diffusion layers, as well as methods and compositions for making 

such fluid diffusion layers, include a loading material comprising both 
carbon black and graphite particles in a weight ratio of less than about 
50:50. The fluid diffusion layers have favorable mechanical and 
electrical properties, such as air flow and through-plane resistance. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB All electrocatalytic gas diffusion electrode for fuel cells and a 

process for its preparation is disclosed. The electrode comprises an 
anistropic gas diffusion layer and a catalytic layer. The gas diffusion 
layer is made of a porous carbon matrix through which carbon particles 
and poly (vinylidene) fluoride are distributed so that the matrix is 
homogeneously porous in a direction lateral to gas flow and 
asymmetrically porous to gases in the direction of the gas flow. The 
porosity of the gas diffusion layer decreases in the direction of gas 
flow. The catalytic layer is made of a coagulated ink suspension 
containing catalytic carbon particles and a thermoplastic polymer 
selected from polyethersulf one, poly (vinylidene fluoride) and sulfonated 
polysulfone and covers the small pore surface of the gas diffusion 
layer. The gas diffusion layer has a thickness between 50 .mu.m and 300 
.mu.m. The catalytic layer has thickness between 7 .mu.m and 50 .mu.m 
and a metal catalyst loading between 0.2 mg/cm.sup.2 and 0.5 
mg/cm. sup . 2 . 
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AB Certain f luoropolymers , when chemically modified by reacting them with 

sulfur or phosphorus containing compounds, become hydrophilic materials 
useful for making ion-exchange membranes, 

especially diaphragms for electrolytic cells, particularly chlor-alkali 
cells used in the production of chlorine, hydrogen and sodium hydroxide 
from brine. 
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material for the preparation of a granulated ion exchanger 


A. 75.0 to 6.0 wt % of ionite, 

B. 5.0 to 0.0 wt % of pore former, 


C. 20.0 to 40.0 wt % of thermoplastics used as a binding agent, wherein 


A. is a ionite of any kind, 


B. is selected from a group of neutral salts soluble in water, 

C. is selected from a group consisting of polythene, polypropylene, 
fluorine copolymers and a mixture of polythene with polyvinyl alcohol. 
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A heterogeneous ion-exchange material 
comprises an ion-exchange resin incorporated within a binder which 
comprises a material selected from (i) a metallocene-catalyzed linear 
low-d. polyethylene, (ii) a very low-d. polyethylene or ultra low-d. 
polyethylene produced using either Ziegler-Natta catalysts or metallocene 
catalysts, (iii) a thermoplastic olefin elastomeric material comprising a 
polypropylene continuous phase with a rubbery phase of 

ethylene-propylene-diene rubber or ethylene-propylene rubber dispersed 
through the polypropylene continuous phase, and (iv) a thermoplastic 
vulcanizate comprising a polypropylene continuous phase with an 
ethylene-propylene-diene rubber, ethylene-propylene rubber, 
nitrile-butadiene rubber, natural rubber, ethylene-vinyl acetate rubbery 
phase dispersed through the polypropylene continuous phase, a copolymer of 
vinylidene fluoride and hexaf luoropropylene, or a copolymer of vinylidene 
fluoride, hexaf luoropropylene, and tetraf luoroethylene . The ion 
-exchange membrane can be manufd. using advanced 

extrusion techniques, including computer-controlled material feed, 
computer-controlled automatic die thickness adjustment with independently 
adjustable lip segments and nuclear gauge detection with feed-back 
control . 
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AB Prepn. of titanium dioxide membrane using Kynar (vinylidene 
fluoride resin) as binder was carried out with object of 
detn. of its electrochem. characteristics , permselectivity and fixed 
change d. from membrane potential measurements using sodium, magnesium and 
aluminum chloride solns . Variation of these electrochem. parameters with 
concn. and pH also was studied. A tendency towards inversion in the 
nature of ion selectivity is obsd. when electrolyte solns. having 
progressively lowered pH were used. 
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International Journal of Hydrogen Energy (1983), 8(2), 
81-3 
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Journal 
English 

A research program aimed at developing a new advanced concept in alk. 
water electrolytes was demonstrated under the auspices of the Commission 
of the European Communities. The 1st task was the development of an 
alkali -compatible ion-exchange membrane as a 

replacement for the chrysotile asbestos diaphragm. After a screening 
test, polyantimonic acid manufd. in thin sheets was shown to display the 
required ion conduction in alk. soln. Using polysulfone as an org. 
binder, the sheets withstood 120. degree, without deterioration. Several 
membrane characteristics, such as ionic conductance, membrane potential 
and Hittorf transference nos . , were measured in different exptl . setups. 
The temp, dependence of the membrane conductance exhibits a 1.0-0.8 
. OMEGA. /cm2 range at 25. degree, to a 0.25-0.15 . OMEGA. /cm2 range at 
120. degree.. Gas tightness and mech. stability were demonstrated at 1000 
h of continuous operation. The electrodes investigated were mainly 
composed of perforated Ni plates, catalytically activated using a thermal 
decompn. technique. Performances up to 120. degree, in 50 wt.% KOH for 
2000 h operation were investigated for Ni, NiCo204, NiCo02 and LaxCo03 as 
the anode electrocatalyst . The spinel-type NiCo204 showed the best 
performance under the testing conditions. At the cathode, NiB, NiSx and 
NiCo2S4 were investigated . ltoreq. 120 . degree . as the H evolution 
electrocatalyst. A demonstration unit of a 1-kW electrolyzer was built to 
expt. on the newly introduced components (membranes, electrodes, gaskets, 
etc.). It consists of a 14-cell filter press unit, each cell of 40 cm2 . 
The loop built around the stack allows an upscaling to 10 kW. 
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Journal 
Chinese 

Durable corrosion-resistant membranes were prepd. from a powd. cation 
exchange resin (no. 732) or anion exchange resin (strongly basic 
201. times. 6) and a binder contg. 3:2:1 F23-14 
( chlorot ri f luoroethylene-vinylidene fluoride 
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copolymer) [ 9010-75-7 ] -polyethylene [ 9002-88-4 ] -rubber . Membranes 
having good properties were prepd. from 30:70 ion exchange resin-binder. 
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CODEN: PASVAE; ISSN: 0377-9971 
Journal 
English 

Inorg. ion exchange membranes were prepd. 
and studied. They include Zr(HP04)2, Ti(HP04)2, Sn(HP04)2, Zr(HAs04)2, 
Ti(HAs04)2, Sn(HAs04)2, Ce(HP04)2, Th(HP04)2, Ce(HAs04)2, and Th(HAs04)2. 
Amorph., fibrous, and cryst. exchangers were studied. Poly ( 
vinylidene fluoride) was used as a binder. 
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Halle/Saale, Fed. Rep. Ger. 

Zeitschrift fuer Chemie (1970), 10(12), 464-5 
CODEN: ZECEAL; ISSN: 0044-2402 
Journal 
German 

Homogeneous ion exchange membranes could not 
be prepd. from sulfonated poly- (trif luorostyrene) or from sulfonated 
styrene-trif luorostyrene copolymers (i.e., the membranes exhibited only 
slight flexibility) , and heterogeneous membranes prepd. from sulfonated 
poly- (trif luorostyrene ) and a binder comprising a 
trif luoroethylene-vinylidene fluoride copolymer 
exhibited unsatisfactory cond. 
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Patent 
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PATENT NO. 
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US 1967-686829 19671130 
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membranes of Group VIB metal s or metals of the actinide series 
contg. 15-70% binder. The metals are complexed by mixing 0.1-0.2% metal 
salt soln. with a 5% sol n. of the chelating agent and then admixed with 
10-30% binder soln. such as poly (vinylidene 

fluoride), poly ( tetraf luoroethylene) , and poly(vinyl butyral) in 
org. solvents. The slurry is cast into 15-50 mil thick film, dried at 
70-110. degree. , and removed from the casting plate by equilibration in an 
aq. saline soln. Thus, a slurry contg. 10-15% Th-8-hydroxyquinoline 
complex, 25-30% HCONMe2, and 55-65% of a 20% soln. of poly (vinylidene 
fluoride) in AcNMe2 was cast in a 30 mil thick film, dried at 90. degree, 
for 2 hr, and removed from the support by equilibration in 0 . 5M KCl . The 
membrane had a resistance of 32 . OMEGA . - cm2 and a transference no. 
(0.05-0.10M KCl) of 0.60. The membrane had good stability when used in 
the electrodialysis of NaCl brine at 60. degree.. 
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membranes 
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Patent 
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SU 218416 19680517 SU 19670203 

AB The title substance is prepd. by rolling a mixt. of anion exchanger and 

binder and subsequently pressing. An ion exchanger contg. quaternary NH4 
groups and a mixt. of sulf ochlorinated polyethylene and a 
hexaf luoropropylene-vinylidene fluoride copolymer are 
used as the anion exchanger and binder, resp. 
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Sn, Ti, and Zr phosphates were used as cation-exchangers in the prepn. of 
ion-exchange membranes. Similarly, mixed 

hydroxides of Th with Mg++, Ca++, U02++, A13+, Cr3+, Zr4 + , Ce4 + , and Sn4+ 
were used as anion-exchangers . The binder was poly( 
vinylidene fluoride) . The inorg, membranes obtained 

showed elec. resistances of 2-10 ohms-cm. 2, comparable to those of com. 
org. membranes. Their transference nos. in 0.05-0.1M KCl were lower, 
ranging from 0.88 to 0.98. The performance of Zr phosphate and hydrated 
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Th oxide membranes in a multicompartment electrodialysis unit was examd. 
by using NaCl and KCl brines contg. 3000 ppm. total dissolved solids. 
Salt removals were 57.5 and 48.6%, resp., for NaCl and KCl brines. These 
values were slightly lower when HC03-, S04-, Ca++, or Mg++ were added to 
the brine. By increasing the temp, from 25 to 60. degree., the inorg. 
membranes showed a 31% decrease in overall stack resistance and a 30% 
increase in the salt removal with a lower power input. The current 
efficiency was not greatly affected. A satisfactory performance was also 
observed under conditions of fouling and in long-term electrodialysis 
tests. The inorg. membranes exhibited excellent phys . stability while the 
org. ones showed deterioration of hydraulic flow conditions in high temp, 
and fouling tests. 
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A sealable multi-layer opaque film. In particular, a sealable 
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multi-layer opaque film that is moisture permeable and water resistant. 
The sealable multi-layer opaque film is an oriented multilayer film with 
a core layer comprising an orientation-enhancing polymer, a 
polypropylene homopolymer and a beta crystal nucleator of polypropylene 
and at least one sealable skin layer. 


CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB An automotive plastic fuel tank with a wall having a structural layer of 

HDPE and a hydrocarbon fuel barrier layer of an EVOH based material with 
a binder layer between them. The barrier layer prevents the passage of 
hydrocarbons through the wall to the atmosphere. The barrier layer is on 
an exterior face of the wall and preferably on the interior of the tank 
in direct contact with fuel therein. Preferably, the barrier includes a 
layer of polyamide (A) or a mixture of polyamide (A) and polyolefin (B) . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A multilayer structure based on polyamides, comprising: 


NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
LINE COUNT: 


a first layer (1) formed from a polyamide P.sub.l or from a blend of a 
polyamide P.sub.l and a polyolefin PO.sub.l having a P.sub.l polyamide 
matrix, 

optionally, a layer (2a) formed from EVOH; 

a layer (2) formed from a blend of PA-6/12 copolyamides, one comprising 
by weight more 6 than 12 and the other more 12 than 6; 

a layer (3) formed from a polyamide P. sub. 3, 

it being possible for P.sub.l and P. sub. 3 to be identical or different, 
the layers (1), (2), (2a) and (3) being successive and adhering to one 
another in their respective contact regions. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A multilayer structure based on polyamides, comprising: 
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a first layer (1) formed from a polyamide P.sub.l or from a blend of a 
polyamide P.sub.l and a pqlyolefin PO.sub.l having a P.sub.l polyamide 
matrix, 

optionally, a layer (2a) formed from EVOH; 

a layer (2) formed from a blend of PA-6/12 copolyamides, one comprising 
by weight more 6 than 12 and the other more 12 than 6; 

a layer (3) formed from a polyamide P. sub. 3, 

it being possible for P.sub.l and P. sub. 3 to be identical or different, 
the layers (1), (2), (2a) and (3) being successive and adhering to one 
another in their respective contact regions. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A cellular cushioning article comprises first and second multilayer 

films each having first and second outer layers, each of which contains 
an olef in-based polymer, and an inner O. sub . 2-barrier layer. At least 
one of the O . sub . 2-barrier layers contains recycled polyester. The first 
multilayer film is laminated to the second multilayer film so that a 
plurality of cells are formed between the first multilayer film and the 
second multilayer film. The cells can be discrete, fluid-filled cells 


produced by forming one or both of the films. Alternatively, the 
cushioning article can be an inflatable article in which the films are 
adhered to one another in a pattern to form a series of inflatable 
chambers connected by inflatable passageways terminating in a dead-end 
chamber. Processes for making the articles are also disclosed. 


CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A sealable film comprising a core layer comprising an olefin polymer 

wherein the core layer comprises the interior of the film; a separable 
layer exterior to the core layer, wherein the separable layer comprises 
a material or blend selected from the group consisting of impact 
copolymers; thermoplastic polyolefins; blends of impact copolymers and 
LLDPE r s ; blends of two or more incompatible polymers; and mixtures 
thereof; an optic improving layer exterior to the core layer and the 
separable layer, wherein the optic improving layer comprises a polymer 
having at least one of modulus, hardness, and/or beam strength being 
higher* than the material of the separable layer; and a sealing layer 
exterior to the core layer, the separable layer, and the optic improving 
layer, wherein the sealing layer comprises a polymer. 


CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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Thermof ormable plastic films can be formed into bags, 
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pouches, trays, 


etc. which are useful when packaging foodstuffs and other products. 
These films enjoy widespread use in the packaging of meat and other 
oxygen sensitive products due to the gas permeation barrier provided. 
Thermof ormable packaging films comprise one or more layers of 
thermoplastic, including olefinic copolymers, amorphous and crystalline 
nylons, ionomeric polymers, and polyolefins. By selecting the type and 
combination order of thermoplastics, a packaging film was developed that 
provides excellent impact and abrasion resistance, sealability, 
thermof ormability, and optical clarity. 
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The present invention relates to a multilayer tube comprising, in its 
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radial direction from the outside inwards: 


a first layer of vulcanized elastomer forming the outer layer, 
a second layer of EVOH or of an EVOH-based blend, 


a third layer of a blend of a polyamide 
a polyamide matrix, 


(A) and a polyolefin (B) having 


optionally, an inner layer of vulcanized elastomer, 

the layers being successive and adhering to one another in their 
respective contact region. 

It is also possible to place a tie layer between the first and second 
layers, and likewise between the optional inner layer and the third 
layer. 


The tube of the invention may also include a reinforcing layer of the 
textile type, for example made of polyester or of metal wires, the said 
layer being placed between the first and second layers. This reinforcing 
layer may be between the tie layer and the EVOH layer or between the tie 
layer and the outer layer or else the tie may be placed in the 
interstices of the reinforcing layer. 


The tubes of the invention may have an outside diameter of between 8 mm 
and 25 cm. The thickness of the EVOH layer may be between 10 and 200 
.mu.m, that of the blend of the polyamide (A) and the polyolefin (B) 
having a polyamide matrix between 25 and 500 .mu.m, and that of the 
optional tie layer between 10 and 100 .mu.m. 

These tubes are used for fluids in air conditioning systems. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention relates to a multilayer tube comprising, in its 

radial direction from the outside inwards: 

an outer layer formed from a polyamide chosen from PA-11 and PA-12, 
a layer formed from a tie compound, 
a layer formed from an EVOH, 

a layer formed from a blend of a polyamide and a polyolefin having a 
polyamide matrix 

a layer from a tie compound 

an inner layer formed from a polyamide chosen from PA-11 and PA-12 and 
including a dispersed electrically conducting filler producing a surface 
resistivity of less than 10 . sup . 6 .OMEGA. -. quadrature . , 

the layers being successive and adhering to one another in their 
respective contact region. 

The tube of the present invention has a very low permeability to petrol, 
particularly to hydrocarbons and their additives, and in particular to 
alcohols, such as methanol and ethanol, or to ethers, such as MTBE or 
ETBE. These tubes also have good resistance to engine lubrication oils 
and fuels . 


The tube has very good mechanical properties at low or high 
temperatures . 
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A packaged food article includes a meat product and a thermoplastic, 
heat shrinkable film. The film includes a meat-contact layer that 
contains a polymer which includes mer units derived from a 
C. sub. 2-C. sub. 4 . alpha . -olefin . The film is sealed so as to form a bag 
which encloses the meat product. At least one of the seals defines an 
arc which includes at least four segments. Each of the segments has a 
radius of curvature which differs from the radius of curvature of any 
adjoining segment. When the packaged food article is subjected to a 
temperature of from about 50. degree. C. up to about the Vicat softening 
point of the polymer of the meat-contact layer, the packaged food 
article takes the general shape of a poultry breast. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides for a polymer composition comprising a 

blend of from about 25 to about 90% by weight of a very 
low density ethylene polymer having a 

density on the range of from about 0.88 to 0.925 g/cm.sup.3, a melt 
index of from about 0.5 to about 7.5 dg/min, a molecular weight 
distribution not greater than about 3.5 and a compositional distribution 
breadth index greater than about 10%, and from about 10 to about 75% by 
weight of a low to medium density ethylene polymer having a density of 
from about 0.910 to about 0.935, a melt index of from about 0.5 to about 
20, a molecular weight distribution greater than about 3.5 and a 
compositional breadth index less than about 70%. 

The invention also provides for films prepared from this blend having 
single layer construction or having laminar ABA construction wherein the 
A or skin layers comprise the blend of this invention and the B or core 
layer comprises a different olefin polymer such as high density 
polyethylene. 

Films of this invention exhibit excellent elongation, tensile and impact 
properties and also softness, feel and noise properties which render 
them eminently suitable for use as back sheet components in the 
fabrication of absorbent articles such as diapers, bed pads and like 
articles where such properties are desirable. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Disclosed are heat sealable compositions comprising: (a) from about 30 

to about 70 weight percent a low melting polymer comprising an ethylene 
based copolymer having a density of from about 0.88 g/cm.sup.3 to about 
0.915 g/cm.sup.3, a melt index of from about 1.5 dg/min to about 7.5 
dg/min, a molecular weight distribution no greater than about 3.5, and a 
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composition breadth index greater than about 70 percent; and, (b) from 
about 70 to about 30 weight percent of a propylene based polymer having 
from about 88 mole percent to about 100 mole percent propylene and from 
about 12 mole percent to about 0 mole percent of an alpha-olefin other 
than propylene. Further disclosed are films and articles made thereof. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

Disclosed is a process for improving the unload power of a precursor 


elastic film comprising orienting the film to a draw ratio in the range 
of about 2:1 to about 20:1 followed by annealing. Further disclosed is 
an elastic film oriented to a draw ratio in the range of about 2 : 1 to 
about 20:1 and comprising a copolymer of ethylene polymerized with at 
least one comonomer selected from the group consisting of C.sub.3 to 
C. sub. 20 alpha-olefins and C.sub.3 to C. sub. 20 polyenes, wherein the 
copolymer has a density in the range of about 0.855 g/cm.sup.3 to about 
0.9 g/cm.sup.3, a melt index in the range of about 0.5 to about 50, with 
a composition distribution index at least about 45 percent. 


CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB The invention provides laminar polyolefin film materials having a base 

film layer comprising a blend of an olefin polymer and up to about 30% 
by weight of at least one very low density 

copolymer of ethylene and a C.sub.3 to C. sub. 20 alpha olefin 
comonomer copolymerizable with ethylene, said base layer having a heat 
sealable film layer present on one or both surfaces thereof comprising a 
very low density copolymer of 

ethylene and a copolymerizable C.sub.5 to C. sub. 12 alpha olefin 
comonomer. The ethylene copolymer constituents of the film are 
characterized as having a density in the range of about 0.88 g/cm.sup.3 
to abut 0.915 g/cm.sup.3, a melt index in the range of about 0.5 dg/min 
to about 7.5 dg/min, a molecular weight distribution (M.sub.w /M.sub.n) 
of about 1.5 to about 3.5 and an essentially single melting point in the 
range of about 60. degree. C. to about 115. degree. C, measured as a DSC 
peak T.sub.m. 

Films of this invention exhibit extremely good hot tack seal strength at 
temperatures in the range of from about 200. degree, to 290. degree. F. 
thereby rendering them extremely useful as packaging materials in high 
speed packaging operations. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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The present invention includes a coextruded film having at least two 
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layers. The first layer contains a coupled propylene polymer and the 
second layer contains an in-reactor blend of a linear low density 
polyethylene fraction and a substantially linear polyethylene fraction. 
Alternatively, the second layer may include a homogeneously branched 
linear polyethylene. Preferably, the first layer makes up about 50 


weight percent or less of the overall coextruded film structure. The 
first layer may also contain a polyethylene, such as a linear low 
density polyethylene, a low density polyethylene, a high density 
polyethylene, substantially linear polyethylene, a homogeneously 
branched linear polyethylene, an in-reactor blend of linear low density 
polyethylene and a substantially linear polyethyelene, and blends 
thereof . 
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(a) an inner layer comprising an olefin polymer; 


(b) a sealing layer; and 

(c) a separable layer positioned between the inner layer and the sealing 
layer, the separable layer comprising (1) ethylene-propylene block 
copolymer or (2) a blend of polyethylene and another olefin which is 
incompatible with the polyethylene, specifically either (i) 
polypropylene homopolymer or (ii) ethylene-propylene block copolymer. 
Methods of making the sealable film are described. 


CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A liquid product carrying plastic film pouch having a straw which is 

free-floating in the liquid product, is described. The liquid product 
contained within the inner chamber of the pouch occupies from about 60% 
to about 90% of the volume of the inner chamber sufficient to permit the 
side walls of the pouch to be collapsed against one another when the 
pouch is grasped by the hand of a user person whereby to orient the 
straw at a desired location. The pouch is made of a multilayer resin 
film having an inner sealant layer formed of a linear low density 
ethylene-octene copolymer or very low 
density ethylene copolymer (octene or other 

copolymers) such that when the straw punctures the film, the inner 
sealant layer forms a membrane about the straw which exhibits a 
self-sealing behavior so as to prevent leakage in the punctured region 
as liquid is extracted from the pouch through the straw. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Sealable polyolefin films containing very low 

density ethylene copolymers 
AB The invention provides laminar polyolefin film materials having a base 

film layer comprising a blend of an olefin polymer and up to about 30% 

by weight of at least one very low density 

copolymer of ethylene and a C.sub.3 to C. sub. 20 alpha olefin 
comonomer copolymerizable with ethylene, said base layer having a heat 
sealable film layer present on one or both surfaces thereof comprising a 
very low density copolymer of 

ethylene and a copolymerizable C.sub.5 to C. sub. 12 alpha olefin 
comonomer. The ethylene copolymer constituents of the film are 
characterized as having a density in the range of about 0.88 g/cm.sup.3 
to abut 0.915 g/cm.sup.3, a melt index in the range of about 0.5 dg/min 
to about 7.5 dg/min, a molecular weight distribution (M.sub.w /M.sub.n) 
of about 1.5 to about 3.5 and an essentially single melting point in the 
range of about 60. degree. C. to about 115. degree. C, measured as a DSC 
peak T.sub.m. 

SUMM This invention relates to laminar polyolefin film materials having a 
base layer comprising a blend of an olefin polymer and a very 
low density ethylene/ alpha monoolefin 

copolymer and at least one heat sealable layer present on one or both 
surfaces of said base layer, said heat sealable layer comprising a 
very low density copolymer of 
ethylene and a different alpha monoolefin. 

SUMM EPA 0247897 discloses a film laminate comprising a base layer which may 
contain polypropylene and at least one heat-sealable film layer which 
may be based on a very low density 

copolymer of ethylene and an alpha-monoolef in such as 
octene-1 . 


SUMM 


A class of highly active olefin catalysts known as metallocenes is well 


known especially in the preparation of polyethylene and ethylene 
copolymers. These catalysts, particularly those based on group IV B 
transition metals such as zirconium, titanium and hafnium, show 
extremely high activity in ethylene polymerization. The 
metallocene catalysts are also highly flexible in that, by 
manipulation of catalyst composition and reaction conditions, they can 
be made to provide polyolefins with controllable molecular weights from 
as low as about 200 (useful in applications such as lube oil additives) 
to about I million or higher as, for example, ultra high molecular 
weight linear polyethylene. At the same time, the molecular weight 
distribution of the polymers can be controlled from extremely narrow (as 
in a polydispersity, M.sub.w /M.sub.n of about 2), to broad (a 
polydispersity of about 8) . 


SUMM Exemplary of the development of these metallocene catalysts 
for the polymerization of ethylene is found in U.S. Pat. No. 
4,937,299 to Ewen et al . , hereby incorporated herein by reference. Among 
other things, this patent teaches that the structure of the metallocene 
catalyst includes an alumoxane which is formed when water reacts with 
trialkyl aluminum with the release of methane, which alumoxane complexes 
with the metallocene compound to form the catalyst. 

SUMM Metallocene catalyst are particularly attractive in making tailored 


ultrauniform and super random specialty copolymers. For example, if a 
lower density ethylene copolymer is made with a 
metallocene catalyst, such as very low density polyethylene 
(VLDPE) , an ultrauniform and super random copolymerization will occur, 
as contrasted with the polymer produced by copolymerization using a 
conventional Ziegler catalyst. 


SUMM The invention provides laminar polyolefin film materials having a base 


film layer comprising a blend of an olefin polymer and up to about 30% 

by weight of at least one very low density 

copolymer of ethylene and a C.sub.3 to C. sub. 20 alpha 

monoolefin comonomer copolymerizable with ethylene, said base layer 

having a heat sealable film layer present on one or both surfaces 

thereof comprising a very low density 

copolymer of ethylene and a copolymerizable C.sub.3 to 

C. sub. 20 alpha olefin comonomer, said film further characterized in that 
the ethylene/alpha monoolefin copolymer present in one of said layers is 
a copolymer of ethylene and a C.sub.6 C. sub. 10 alpha monoolefin which 
alpha monoolefin differs from the alpha monoolefin present in the 
ethylene copolymer of the other said layers. The ethylene copolymer 
constituents of the film are characterized as having a density in the 
range of about 0.88 g/cm.sup.3 to abut 0.915 g/cm.sup.3, a melt index in 
the range of about 0.5 dg/min to about 7.5 dg/min, a molecular weight 
distribution (M.sub.w /M.sub.n) of about 1.5 to about 3.5 and an 
essentially single melting point in the range of about 60. degree. C. to 
about 115. degree. C, measured as a DSC peak T.sub.m. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Disclosed is a high density ethylene polymer comprising a homopolymer of 

ethylene, or a copolymer of ethylene with at least one comonomer 
selected from an . alpha . -olefin, a cyclic olefin, and linear, branched 
and cyclic dienes, and having the following properties: (a) a density d 
(g/cm.sup.3) of from 0.951 to 0.980; (b) an M.sub.I (g/10 minutes) of 
more than 3 and not more than 100 (M.sub.I is the melt flow rate as 
measured at 190. degree. C. under a load of 2.16 kg); (c) the polymer 
satisfying: log a.sub.kl . gtoreq. -0 . 844 log M.sub.I +1.462 [M.sub.I is 
as defined above, and a.sub.kl is the Izod impact strength 
(kgf .multidot.cm/cm.sup.2) ] ; (d) the polymer satisfying: log M.sub.IR 
.gtoreq. -0. 094 log M.sub.I +1.520 [M.sub.I is as defined above, and 
M.sub.IR is the H. sub. MI /M.sub.I ratio in which H. sub. MI (g/10 minutes) 
is the melt flow rate as measured at 190. degree. C. under a load of 21.6 
kg and M.sub.I is as defined above]; and wherein (e) the d (g/cm.sup.3) 
and the M.sub.I (g/10 minutes) satisfy: d. gtoreq. -0 . 00873 log M.sub.I 
+0.972. The ethylene polymer has excellent mechanical properties and 
excellent moldability, and can be advantageously produced by use of a 
catalyst comprising (A) a specific transition metal compound containing, 
as a ligand, an unsubstituted or substituted indenyl group, or di or tri 
substituted cyclopentadienyl group; (B) an inorganic solid component 
comprising a particulate inorganic solid having OH groups on a surface 
thereof and, carried thereon, an organoaluminumoxy compound having an 
alkyl group; and (C) an organoaluminum compound. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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This invention relates to an improved shrink film having balanced 
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properties. In particular, this invention relates to a biaxially 
oriented polyolefin shrink film made from a particular polymer mixture 
which includes a first ethylene polymer component having a single 
differential scanning calorimetry (DSC) melting peak or a single 
Analytical Temperature Rising Elution Fractionation (ATREF) peak and a 
second ethylene polymer component having one or more DSC melting peaks, 
wherein the density differential between the two component polymers 
about 0 to about 0.03 g/cc. Improved properties include increased shrink 
responses, wide orientation windows, higher modulus and high softening 
temperatures . 
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AB A polymer blend and mono-and multilayer films made therefrom having 

improved properties such as heat sealing or puncture resistance wherein 
the blend has a first polymer of ethylene and at least one 
. alpha . -olefin having a polymer melting point between 55 to 75. degree. 
C; a second polymer of ethylene and at least one . alpha . -olefin having 
a polymer melting point between 85 to 110. degree. C. and a third 


thermoplastic polymer having a melting point between 115 to 130. degree. 
C; and optionally a fourth polymer e.g. EVA, having a melting point 
between 90 to 100. degree. C. 
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material comprising 

a) a gas-barrier layer (1) comprising a non-chlorine containing organic 
polymer which is substantially impermeable to oxygen gas; 

b) two tie layers (2) each contacting one side of said barrier layer; 

c) an inner surface layer (3); 

d) an outer surface layer (4); and 

e) two intermediate layers (5) positioned between said surface layers 
(3,4) and said tie layers (2), said barrier layers (5) comprising an 
ethylene-propylene copolymer having a flexural modulus of less than 200 
MPa and preferably less than 150 MPa. a process for the manufacture of 
this film material and its use for the manufacture of bags and pouches 
for ostomy/urostomy use. 
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AB An article, such a bag, pouch, casing, or sheet formed from joined film 

pieces, comprises a non-crosslaminated film. The article has a parallel 
plate burst strength of at least 300 inches of water more preferably, 
from about 300 to 2000 inches of water. The film comprises one or more 
of a wide variety of polymers, with linear low density polyethylene 
being a preferred polymer. The film is heat scaled to itself or another 
film (preferably a similar or identical film) . Preferably, the film has 
a total thickness of from about 3 to 20 mils. The burst strength is 
surprising in view of the fact that the film is not cross-laminated. 
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A liquid product carrying plastic film pouch (10) having a straw (12) 
free-floating in the liquid product (11) is described. The liquid 
product (11) contained within the inner chamber (13) of the pouch 
occupies from about 60% to about 90% of the volume of the inner chamber 
(13) of the pouch and a portion of air from the remaining volume is 
evacuated in sufficient quantity to permit the side walls (14,15) of the 
pouch to be collapsed against one another when the pouch is grasped by 
the hand of a user person. By collapsing the side walls (14,15) together 
the straw (12) located within the liquid can be grasped and manipulated 
to puncture the plastic film pouch (1) to extend a portion (12 ! ) of the 
straw (12) exteriorly of the pouch whereby to extract liquid therefrom. 
The pouch (10) is made of a multilayer resin film having an inner 
sealant layer (26) formed of a linear low density ethylene-octene 
copolymer or very low density 

ethylene copolymer (octene or other copolymers) such that when 
the straw punctures the film, the inner sealant layer (26) forms a 
membrane about the straw which exhibits a self-sealing behavior so as to 
prevent leakage in the punctured region as liquid is extracted from the 
pouch (10) through the straw (12) . 
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AB A multilayer film generally includes a first exterior layer of 

polyurethane and a second exterior layer which can be formed from 
polyurethane, a homopolymer or copolymer of polypropylene, a blend of 
homopolymer or copolymer of polypropylene and elastomer, high density 
polyethylene, or mixtures of the foregoing. Such multilayer film is 
highly flexible and is advantageously used for various medical 
applications, such as the production of flexible pouches for the 
packaging and administration of medical solutions, drainage pouches, 
compression devices, and thermal blankets. 
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A multi-layer, oriented, heat shrinkable thermoplastic film comprising: 


Gregory, Leigh P. 


(i) a layer composed of a blend of ethylene-vinyl acetate copolymer and 
a linear ethylene-alpha-olef in copolymer; (ii) a layer composed of (a) a 
linear ethylene-alpha-olef in copolymer; (b) a material selected from the 


group consisting of ethylene-vinyl acetate copolymers and 
ethylene-n-butyl acrylate copolymers; and (c) a narrow 'molecular weight 
linear ethylene-alpha-olef in copolymer having a density of less than 
0.900 g/cc; (iii) a layer composed of a vinylidene chloride copolymer or 
an ethylene-vinyl acetate copolymer in which the acetate moieties have 
been partially or completely hydrolyzed; and (iv) a layer composed of a 
copolymer of ethylene-vinyl acetate or a blend of ethylene-vinyl acetate 
copolymer and ethylene-alpha-olef in copolymer. 
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Disclosed is an elastic film having improved properties. The elastic 
film can be blown, cast or cast embossed. The elastic film is processed 
by polymerizing olefins in the presence of a metallocene catalyst 
system. 
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AB An improved biaxially oriented heat-shrinkable film of the type used for 

packaging food, such as poultry, processed meat, and fresh meat. 
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SUMM On the other hand, it has recently been found that when a catalyst 

system comprising a solvent-soluble transition metal compound containing 
at least one halogen, such as bis (cyclopentadienyl ) zirconium dichloride, 
and an aluminoxane is used for homopolymerization of ethylene or 
copolymerization of ethylene with an . alpha . -olefin, the catalyst system 
exhibits high polymerization activity. With respect to the details of 
this technique, reference can be made to, for example, Examined Japanese 
Patent Application Publication No. 4-12283 (corresponding to DE 
3127133.2). Further, an improved technique over the technique disclosed 
in the above-mentioned Examined Japanese Patent Application Publication 
No. 4-12283 is disclosed in, for example, Unexamined Japanese Patent 
Application Laid-Open Specification No. 60-35007. The catalyst system 
proposed in these prior art documents is attracting attention as the 
so-called metallocene catalyst system. By using such a 
metallocene catalyst system, an ethylene polymer 

having a narrow molecular weight distribution can be produced, wherein, 
when the ethylene polymer produced is an ethylene copolymer, the 
copolymer has not only a narrow molecular weight distribution, but also 
a narrow copolymerization distribution (i.e., narrow distribution with 
respect to the proportions of different component monomer units 
constituting the copolymer) . By virtue of having a narrow molecular 
weight distribution, an ethylene polymer produced by using such a 
metallocene catalyst system has advantages in that it has high 
mechanical properties, such as high impact resistance, that it is 
substantially free of low molecular weight components and high molecular 
weight components (both of which pose problems, such as high tack and 
gellation) , and that it has excellent properties, such as high 
resistance to solvent extraction and high transparency. Therefore, 
energetic researches have conventionally been made on the use of a 
metallocene catalyst system mainly for producing, for example, a linear 
low density ethylene polymer (LLDPE) , a very low 
density ethylene polymer (VLDPE) and an ultralow 

density ethylene polymer (ULDPE) . As mentioned above, on one hand, an 
ethylene polymer produced by using a metallocene 

catalyst system has such great advantages by virtue of the narrow 
molecular weight distribution thereof; however, on the other hand, such 
an ethylene polymer has a problem in that it has an extremely poor 
moldability due to its narrow molecular weight distribution. Because of 
this problem, conventionally, with respect to the development of the 
application of a metallocene catalyst system in production of high 
density ethylene polymers, which are required to have a good balance 
between mechanical properties and moldability, a remarkable progress has 
not yet been achieved. 

SUMM In order to solve these problems, in the production of an 
ethylene copolymer by using a metallocene catalyst, it 
has recently been attempted to produce an ethylene copolymer which is 
advantageous in that it not only has both a narrow copolymerization 
distribution and a narrow molecular weight distribution, but also has 


excellent melt properties. For example, International Patent Application 
Publication No. W093/08221 proposes a method for producing an ethylene 
copolymer having improved melt flowability while maintaining a narrow 
molecular weight distribution thereof. In this proposed method, 
copolymerization is performed by using a specific metallocene 
catalyst to thereby cause the ethylene copolymer to have a 
long branched chain. However, such an ethylene copolymer has a problem 
in that, although the melt flowability is improved to some extent, the 
mechanical properties, such as impact resistance, are considerably 
lowered, as compared with those of an ethylene copolymer produced by 
using an ordinary metallocene catalyst. 

DETD Further, with respect to ethylene polymers produced using a 
conventional Ziegler-Natta catalyst, the 

relationship between the M.sub.I and the Izod impact strength and the 
relationship between the M.sub.I and the density (d) are also shown in 
FIGS. 1 and 2, respectively. 
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DETD In the invention, the type of elastomer utilized will depend upon 

economics and the properties desired in the final end product. Generally 
the elastomer can be any of the group consisting of plastomer, 
styrene-butadiene copolymer, polychloroprene (neoprene) , nitrile rubber, 
butyl rubber, polysulfide rubber (Thiokol), cis-1, 4-polyisoprene, 
ethylene-propylene co and terpolymers (EPR and EPDM rubber), silicone 
rubber and polyurethane rubber or blends of them with other polymers. In 
the preferred embodiment, the elastomer utilized in the present 
invention is a plastomer. The term "plastomer" as used herein refers 
generally to a class of ethylene based polymers with density of less 
than about 0.900 g/cm.sup.3 (down to about 0.855 g/cm.sup.3) at a 
molecular weight, Mw, greater than about 20,000 (about 200 MI and 
lower) . Plastomers have an ethylene crystallinity between linear low 
density plastics and very low density 
polyethylenes and ethylene/alpha-olef in elastomers. 

DETD Metallocenes are well known especially in the preparation of 

polyethylene and copolyethylene-alpha-olef ins . These catalysts, 
particularly those based on Group IV transition metals, zirconium, 
titanium and hafnium, show extremely high activity in ethylene 
polymerization. The metallocene catalysts are also highly 
flexible in that, by manipulation of catalyst composition and reaction 
conditions, they can be made to provide polyolefins with controllable 
molecular weights from as low as about 200 (useful in applications such 
as lube oil additives) to about 1 million or higher, as for example in 
ultra high molecular weight linear polyethylene. At the same time, the 
molecular weight distribution of the polymers can be controlled from 
extremely narrow (as in a polydispersity, M.sub.w /M.sub.n, of about 2), 
to broad (as in a polydispersity of about 8) . 

DETD For the purposes of this patent specification the term "metallocene" is 
herein defined to contain one or more cyclopentadienyl moiety in 
combination with a transition metal of the Periodic Table of Elements. 
The metallocene catalyst component is represented by the general formula 
(C. sub .p) . sub.m MR. sub. n R r .sub.p wherein C.sub.p is a substituted or 
unsubstituted cyclopentadienyl ring; M is a Group IV, V or VI transition 
metal; R and R 1 are independently selected halogen, hydrocarbyl group, 
or hydrocarboxyl groups having 1-20 carbon atoms; m=l-3, n=0-3, p=0-3, 
and the sum of m+n+p equals the oxidation state of M. Various forms of 
the catalyst system of the metallocene type may be used in the 
polymerization process of this invention. Exemplary of the development 
of these metallocene catalysts for the polymerization of 


ethylene is found in the disclosure of U.S. Pat. No. 4,871,705 
to Hoel, U.S. Pat. No. 4,937,299 to Ewen, et al . and EP-A-0 129 368 
published Jul. 26, 1989, and U.S. Pat. Nos . 5,017,714 and 5,120,867 to 
Welborn, Jr. all of which are fully incorporated herein by reference. 
These publications teach the structure of the metallocene catalysts and 
includes alumoxane as the cocatalyst. There are a variety of methods for 
preparing alumoxane of which one described in U.S. Pat. No. 4,665,208. 
Other cocatalysts may be used with metallocenes , such as 
trialkylaluminum compounds; or ionizing ionic activators or compounds 
such as, tri (n-butyl) ammonium tetra (pentaf lurophenyl) boron, which 
ionize the neutral metallocene compound. Such ionizing compounds may 
contain an active proton, or some other cation associated with but not 
coordinated or only loosely coordinated to the remaining ion of the 
ionizing ionic compound. Such compounds are described in EP-A-0 277 003 
and EP-A-0 277 004 both published Aug. 3, 1988 and are both herein fully 
incorporated by reference. Further, the metallocene catalyst component 
can be a monocyclopentadienyl heteroatom containing compound. This 
heteroatom is activated by either an alumoxane or an ionic activator to 
form an active polymerization catalyst system to produce polymers useful 
in this present invention. These types of catalyst systems are described 
in, for example, PCT International Publications WO 92/00333 published 
Jan. 9, 1992, U.S. Pat. Nos. 5,096,867 and 5,055,438, EP-A-0 420 436 and 
WO 91/04257 all of which are fully incorporated herein by reference. In 
addition, the metallocene catalysts useful in this invention can include 
non-cyclopentadienyl catalyst components, or ancillary ligands such as 
boroles or carbollides in combination with a transition metal. 
Additionally it is not beyond the scope of this invention that the 
catalysts and catalyst systems may be those described in U.S. Pat. No. 
5,064,802 and PCT publications WO 93/08221 and WO 93/08199 published 
Apr. 29, 1993 all of which are herein incorporated by reference. All the 
catalyst systems described above may be, optionally, prepolymerized or 
used in conjunction with an additive or scavenging component to enhance 
catalytic productivity. 
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